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Abstract  
Waste is an inevitable output of our modern lives. Industrialisation and globalisation have 
facilitated society’s desire (and capacity) to consume more products than previous generations. 
Such increases in consumption are responsible for the increasing amounts of material that arise in 
the household waste stream, collected by local authorities.  
The term 'waste' has long been associated with disposal, despite the fact that 44% of household 
waste in the UK is now recycled. By thinking of household waste as a resource, it may be possible to 
extract value. Items that householders no longer require should not simply be discarded as waste 
but instead should be appreciated for the inherent value they possess and the new products they 
can become. However, implementing this paradigm is complicated by the variety of different 
materials in the waste stream, and the number of stakeholders responsible for its management.   
A central theme of the work presented in this thesis is the paradigm shift ‘From Waste to Resource’. 
This is important both for issues of resource security and sustainability. Indeed, whilst the times of 
‘make do and mend’ can appear to be in the past, there is a great deal of interest in reusing and 
recovering material resources, especially if components or assemblages can be refurbished or 
‘upcycled’. 
This research has developed a decision-making tool – The Local Authority Optimal Material 
Management Framework (LAOMMaF) – which can enable local authorities to assess the best way of 
managing their household ‘waste’. The LAOMMaF takes the user through the identification and 
quantification of the materials of interest, the determination of viable treatment options, and an 
options appraisal. The framework has been refined using five case studies: i) assessment of the 
optimal management of absorbent hygiene products, ii) quantification of waste as a material, 
through the development of a composition specification, iii) exploration of future waste and 
potential impacts on waste generation in Surrey, iv) assessment of management options for 
household wood waste using Multi-Criteria Decision-Making, and v) application of the revised 
LAOMMaF to assess the compliance of current collection systems in Surrey to the amended Waste 
Regulations (2011). 
By understanding the composition, amount and value of waste available to them, local authorities 
can take a more proactive approach in the ‘Waste Supply Chain’ to prevent the implementation of 
‘sub-optimal’ management practices and the loss of valuable resources. 
Key Words: Waste, Resource, Local Authority, Decision-Making 
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Executive Summary 
Background 
Waste presents a significant challenge to society. It was estimated that approximately 22.5 million 
tonnes of Municipal Solid Waste (MSW) was collected by UK local authorities in the financial period 
2013 to 2014 (ONS, 2013), equating to a total cost of £4 billion (LGA, 2014). However, it is now 
appreciated that waste in one sector, may have value as a resource in another, such that work by 
the Environmental Services Association (ESA) has suggested that optimisation of, and innovations 
in, reuse and recycling could increase the UK’s GDP by £3 billion per year (2013).   
Local authorities play an important role in waste management acting as the interface between 
households, waste disposal and resource recovery. Local authorities have a duty of care to collect 
and dispose of household waste (a fraction of MSW) from all residents within their area. Currently, 
once collected, the identified recyclates are sent to a Materials Recovery Facility (MRF) where they 
are sorted by type and quality. These materials are subsequently sold to the reprocessing industry 
for use as feedstocks in the generation of new products. It is at this stage where local authorities 
can gain value, or pay a gate fee, for their recyclates. Residual waste materials, on the other hand, 
are collected and sent for disposal either in landfill or Energy from Waste, both of which charge 
substantial gate fees. The processing of residual waste in this way means that valuable resources 
are lost. In order for the benefits of the ESA to be realised there needs to be substantial changes to 
the way in which the ‘Waste Supply Chain’ operates.  
This thesis focuses on local authorities and Surrey County Council (SCC) in particular. SCC is 
responsible for the management of the 520,000 tonnes of household waste produced annually by 
the 1.1 million inhabitants of Surrey in conjunction with 11 district and borough councils. The 
annual cost of waste disposal services was estimated to be £75 million, 2013 to 2014. In recent 
years, local authorities in the UK have come under increasing pressure to reduce their expenditure. 
In order for this to be realised, SCC and the 11 district and borough councils must transform the 
way in which they operate with and within the ‘Waste Supply Chain’. This is important not only to 
reduce costs, but also to ensure the protection of the environment and ensure societal well-being. 
A review of the literature established that in order to enable local authorities to utilise their ‘Waste 
as a Resource’ there is a need to combine Lifecycle Thinking (LCT) techniques with structured 
decision-making to enable fair, justifiable and evidence-based decisions to be made. Marshall and 
Farahbakhsh (2013) highlighted that much of the work into decision-making techniques for waste 
management rarely considers the system as a whole and instead focuses on a single waste stream 
or a single technology. They have suggested that failure to address the breadth of issues involved in 
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waste management can, whilst solving one problem, generate problems elsewhere. Therefore, the 
application of LCT to waste management problems can help balance the three pillars of 
sustainability: environmental effectiveness, social acceptability and economic affordability (Chung 
and Lo, 2003; Heijungs et al, 2010; Marshall and Farahbakhsh, 2013). This is supported by Kates et 
al (2001) who suggest that the purpose of a sustainability assessment should be to: ‘provide 
decision-makers with an evaluation of global to local integrated nature-society systems, in short and 
long term perspectives…[to assist them in determining] which actions should, or should not be taken 
in an attempt to make society sustainable’. Waste management systems have previously been 
lacking this.  
Recent studies have employed reactive methodologies for assessing the sustainability of waste 
management options rather than assessing them prior to implementation (Liamsanguan and 
Gheewala, 2008). From the decision methodologies explored, it is clear that proactive consideration 
of the inputs to the system, such as the waste itself (in particular the impact its composition could 
have on the decision-making process) is of great importance.  
To our knowledge, there is currently no framework attempting to understand the entire ‘Waste 
Supply Chain’, both in relation to the changing role of local authorities, as well as the utilisation of 
waste as a resource. The initial scoping of the project indicated that a framework applying LCT from 
a systems perspective would be beneficial. This should include accounting for economic, 
environmental, social, political, cultural and managerial aspects collectively, as well as including 
uncertainty and risk (Subramanian et al, 2010; Pires et al, 2011; Karmperis et al, 2012). At the local 
authority level, this should ideally form a holistic framework that allows for consistency and greater 
objectivity. It will be flexible to local changes and based on ‘Waste Supply Chain’ interaction, with 
the purpose of understanding the inter-relationships between stakeholders, as well as identifying 
sustainable value adding opportunities available to local authorities, in order to help close the 
material loop (Pires et al, 2011; Antonopoulos et al, 2014). Furthermore, Snowden and Boone 
(2007) have noted that ‘complicated contexts, unlike simple ones, may contain multiple right 
answers’. Therefore, it is important that any framework provides a suite of management options 
that enable local authorities to make appropriate decisions according to local factors. 
Consequently, the aim of this thesis has been to ‘Develop a ‘tool’, which enables local authorities 
to access value (taking due account of social, environmental and economic principles) from their 
waste streams’. 
The ‘tool’ has been developed based on the principles of Lifecycle Thinking (LCT). This school of 
thought, which is supported by the European Commission (EC, 2011), and is defined as a production 
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and consumption strategy that takes account of the impacts (environmental, economic and social) 
that a product, or service, will have throughout its lifecycle ‘from cradle to grave’ (Clift et al, 2000). 
Lifecycle thinking needs to be central to the work of waste management because it is used to 
identify potential improvements to products or systems by reducing the environmental, social and 
economic impacts throughout all lifecycle stages.  
Objectives 
The purpose of this work has been to consider the (potentially) missed opportunities in the waste 
stream and review existing capabilities for extracting value from these resources. The underlying 
ethos of this work is to enable local authorities to make sustainable evidence-based decisions to 
allow household waste to be managed in such a way that it can be used as a resource. For this to be 
achieved, the following objectives were set: 
 Objective 1: Develop a methodology to calculate the weight of ‘problematic’ material streams. 
 Objective 2: Develop a composition specification that allows for the review of material streams 
within Surrey, in order to identify problematic materials1 or those with unknown recovery 
routes.  
 Objective 3: Identification of reuse, recycling and recovery opportunities for key waste streams. 
 Objective 4: Produce a decision-making framework that can be used to aid sustainable local 
authority decision-making and test its suitability. 
Methods  
Following a review of the literature, an initial decision-making framework was developed. In 
Chapter 3, Version 1 of the Local Authority Optimal Material Management Framework (LAOMMaF) 
is presented. LAOMMaF enables local authorities to access value from their waste streams. The 
concept of ‘Knowns and Unknowns’ (Rumsfeld, 2002) was used to formulate potential management 
problems that local authorities face, Figure 1. These were categorised as:  
A. current practice, where material quantities are known and the current management 
options are understood;  
B. materials where the quantity is known, but the optimum waste management option is 
unknown;  
C. materials where the optimum management option has been identified, but the precise 
quantities of material are unknown; and  
D. unknown materials, which are ‘hidden’ within the waste composition due to inadequate, or 
incomplete data and for which management options are unknown.  
                                                        
1 Problematic materials refer to those which are not conventionally considered for recycling. 
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Figure 1 – Local authority knowledge of specific materials within waste streams and their management. 
A range of case studies based on this categorisation, were used to test and further refine the 
LAOMMaF. Over the course of the four-year project, elements of the LAOMMaF were revised in 
light of the outcomes of these case studies: the final version is presented in Figure 2. This 
framework enables local authorities to consider economic costs, as well as environmental and social 
impacts (both positive and negative), in order to make holistic and balanced decisions. This is in 
contrast to conventional decision-making approaches traditionally based on least cost solutions. 
The decision-making framework has been designed such that compliance at each stage can be 
monitored. Local authorities can also consider the impact of decisions on stakeholders as part of 
the social acceptability assessment, and so encourage meaningful communication between the 
stakeholders. 
The use of the decision-making framework begins when local authorities are faced with a 
management problem that falls into one of the four categories identified in Figure 1. The need to 
make such decisions comes from one or more external drivers, which can include legislation, 
technology, economic viability, environmental or socio-cultural factors.  
The stages in the final framework (Version 2) are as follows: 
1. Identification of target waste streams to be investigated based on the external driver. 
2. Quantification of baseline impacts using available data regarding social, environmental and 
economic implications, as well as establishing the quantity of materials available. 
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Figure 2 – Revised Local Authority Optimal Materials Management Framework (LAOMMaF), Version 2. 
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3. Decision Stage (diamond box) – the local authority must decide whether, based on the scoping 
exercise, impacts are ‘significant’. 
4. If at the decision stage impacts are not deemed ‘significant’ then it is suggested that the local 
authority should continue with ‘Business As Usual’. 
5. A pre-assessment of management options available should now be assessed using a SWOT 
analysis. The purpose of this is to reduce the number of options considered before a full 
assessment takes place, to reduce the time spent at this stage. 
6. Decision Stage (diamond box)  – the local authority must decide whether there are any suitable 
alternatives available to manage the waste stream in question. 
7. If at the decision stage no suitable alternative management options are deemed suitable, then 
it is suggested that the local authority continue with ‘Business As Usual’. 
8. Quantification of the evidence-base is carried out in Stage 8. Here the local authority seeks to 
understand the economic costs and environmental and social impacts of the alternative waste 
management options as compared to ‘Business As Usual’.  
9. An options appraisal using Multi-Attribute Utility Theory methodology is used in Stage 9. This 
provides local authorities with a structure approach to assess how alternative management 
options compare to the ‘Business As Usual’.  
10. Decision Stage (diamond box) – this is the final decision stage where the local authority decides 
if a new management option would provide additional benefits as compared to the current 
system, or provide a reduction in current negative impacts.  
Case Studies 
In order to test the framework several case studies were used. These case studies considered the 
application of LAOMMaF in the context of problematic waste streams and legislative drivers. They 
were also used to test different decisions-making approaches. The outcomes of the case studies 
and their contribution to LAOMMaF are summarized below. 
Chapter 4 outlined the first application of the original decision-making framework, to explore the 
management of the problematic waste stream represented by Absorbent Hygiene Products (AHP). 
Several management options were potentially available and so the purpose of this case study was 
to understand the optimal management process for this waste stream. A methodology was 
developed to calculate the material availability within Surrey. Further, to understand the 
comparison of environmental impacts, estimates of GHG emissions were used. Other 
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environmental impacts were not considered. Traditional Lifecycle Thinking was not considered 
appropriate in this case because local authorities currently have no control over the early lifecycle 
phases, which include extraction of materials, processing, and manufacture. In other words, the 
carbon embodied in the AHP products (i.e. carbon emissions due to energy use in the earlier 
lifecycle phases) remains unchanged by the waste management option chosen. Hence, the end-of-
life options have been chosen as the focus of this study. The methodology developed for assessing 
economic impacts used a series of simple calculations to assess the cost effectiveness as compared 
to ‘Business As Usual’. These involved using cost data that was available to the local authority and 
comparing the result with current expenditure. As with any sustainability assessment, this 
methodological approach should be an evolving process and not something that is conducted once 
and subsequently forgotten. This case study showed that the Decision-Making Framework (DMF) 
should be sufficiently flexible to provide meaningful outputs from what is frequently secondary or 
incomplete data, but robust enough to accept changes required by social and technological 
developments. The application of LAOMMaF found that the sterilization and subsequent recycling 
of Absorbent Hygiene Products would be most suitable. Further, this case study identified several 
gaps in knowledge that will be explored in due course. The work was published as a paper in the 
Proceedings of the Institute of Civil Engineers: Waste and Resource Management, 
10.1680/warm.14.00012 and included in Appendix 1. 
Waste composition was identified in Chapter 4 as an area where local authority knowledge was 
lacking. Thus, Chapter 5 presented the methodology for a standardised materials composition 
specification. It was found that the production of a standardised specification for resource 
composition must follow three basic principles, which are:  
 Primary descriptor categories must provide continuity with existing composition 
specifications, compatibility with secondary descriptors used and be relatively future-proof. 
 Secondary descriptors must adequately reflect the full extent of the materials available in 
order for them to be treated as a resource. For example, within the high-level plastics 
category, identifying secondary groupings that sensibly reflect management options.  
 In addition to these descriptors, it is important to include meaningful quantitative data 
(both volumetric and mass), since this will affect the decision-making process when 
comparing waste management options. 
This work showed that a specification could usefully inform evidence-based decision-making, 
allowing waste managers to assess issues such as economic value, significance of a material and 
environmental and social impacts. In so doing, the partners who are involved in the supply chain 
can not only identify new opportunities, but can also take a view as to the ‘resource security’ 
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implicit in the future collection and management of the material, leading to the more sustainable 
use of resources. The application of the specification to Surrey provided significant improvements 
on previous specifications, allowing them to understand better the material streams of importance. 
The chapter was used to refine the original decision-making framework and is used in the 
‘identification of the target waste stream’. Finally, this work was also published in the Proceedings 
of the Institute of Civil Engineers: Waste and resource Management, 10.1680/warm.14.00013, 
Appendix 2. 
Chapter 6 presented a Multi-Criteria Decision-Making methodology, using Multi-Attribute Utility 
Theory specifically targeting local authority decision-makers as the primary user. The methodology 
applied a simple weighted-sum methodology supported by a points scoring system, which could be 
easily applied by local authority decision-makers. It also identified key criteria from the literature 
that would be relevant to make informed waste management decisions in line with sustainability 
goals. The methodology was used to appraise the merits of alternative management options and 
was based on the wider principles of sustainability (including economic, environmental and social 
factors). The method developed herein was applied to a case study looking at the opportunities to 
manage the wood waste available in Surrey. The key novelty of the work presented here is that no 
existing studies had assessed the different types of wood waste, specifically Grade C, in relation to 
appropriate management options which could be employed by local authorities. Secondly, it 
allowed the MCDM methodology to be used in a case study where there were varying degrees of 
knowledge. It demonstrated that thermal treatment, rather than recycling, can (in some instances) 
be the most suitable option for doing the ‘least harm’, providing the best balance of risk and best 
value to SCC. Finally, work in this chapter allowed for the refinement of LAOMMaF. The application 
of Multi-Criteria Decision-Making, adapted for local authority use, provided a structured way in 
which the principles of sustainability can be fairly incorporated into the decision-making process. 
On this basis, the work found that energy from waste would be the most suitable outlet for wood 
waste in Surrey. 
Chapter 7 presented the revised version of the LAOMMaF, Figure 2, which was applied to a case 
study allowing the districts and boroughs within Surrey to understand if they were compliant with 
the Waste England and Wales Regulations, (as amended 2011). Work found that an optimised 
commingled collections system would satisfy the legislation, whilst at the same time reducing the 
amount of waste being sent for residual treatment. However, the work also showed that local 
factors mean that there is not a ‘one-size fits all’ collection system and that decisions must be 
specific to the locality. This work also provided some interesting findings for the use of waste as a 
resource. It also highlighted that greater transparency is required within the waste supply chain in 
order to understand how materials are used and what changes can be made to improve secondary 
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material use. The work in this chapter has also been disseminated to other local authorities through 
direct communications and presentations at conferences. 
Concluding Remarks 
Waste management presents a variety of challenges for local authority decision-makers. This thesis 
has presented a decision-making framework, which can be used to overcome a wide variety of local 
authority waste management problems. The focus of the work was on enabling local authorities to 
access value from their waste streams, through social, economic, and environmental gains, 
particularly by changing the perception of waste from materials to be disposed to materials of 
value.  
Several key themes coming from the research have been identified. These are: 
 Understanding material composition and weight is essential to the implementation of 
successful waste management. 
 A proactive approach to waste management problems, much like the work on AHP can help 
prevent the implementation of ‘sub-sustainable’ management practices. 
 Local authorities are heavily reliant on private sector companies, which can influence how 
sustainable waste management practices actually are. 
 The waste supply chain needs to facilitate open and transparent communication as well as 
support joint working if the ‘circular economy’ is to work effectively. 
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‘Waste like beauty, is in the eye of the beholder’. 
Elwood & Patashik, (2003) 
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Chapter 1 – Introduction 
‘The value of wasted resources has been ignored or, at best understated by the production-
consumption system’ (Côté and Smolenaars, 1997). 
1.1 Context  
Society has a complex relationship with manufactured goods. One facet of this is waste, which is 
generated during every stage of a product’s lifecycle from production, use of product and to final 
disposal. This presents a significant challenge for society: waste places a financial burden on local 
authorities, threatens the security of resources, and contributes to environmental degradation 
(Prongrácz and Pohjola, 2004; Costa et al, 2010). This, however, begs the question, ‘what is waste?’  
There are many definitions of waste, for example under the European Union Waste Framework 
Directive, waste is defined as ‘any substance or object which the holder discards, intends to discard, 
or is required to discard’ (EC, 2008). In contrast, Seadon (2006) has suggested a more philosophical 
definition, i.e. that ‘waste is a result of inadequate thinking’. The common factor in these two 
definitions is that there is no attribution of ownership, the product has served its primary purpose 
and is no longer deemed useful and is discarded. Therefore, as suggested by Clift (1993), by 
concentrating on the term waste, ‘…[we] have failed to see the real problem…how to reduce the 
flow of non-renewable materials and energy through the economy’. Part of this problem is the 
usage of the term waste, which is intrinsically linked to disposal. If, instead, we think of a product as 
a resource then the material generated during its production, use, or disposal has intrinsic value 
and a potential for use elsewhere (Ordoñez and Rahe, 2013). Such an approach requires specific 
attention to the issue of waste management. 
Waste management (the process whereby waste is collected, transported, reprocessed and 
disposed of) is an essential component of present day society. It has the potential to bridge the gap 
between resource disposal and resource recovery, to support a paradigm shift where waste streams 
are seen as valuable resources (Villalba et al, 2002; EC, 2008; Christensen, 2011; EAA, 2012). While 
this is an admirable aspiration, there remains a need to develop sustainable and secure 
management options for numerous waste streams (Dijkema et al, 2000). ‘Closing the material loop’ 
and the ‘circular economy’ have both been suggested as mechanisms to implement this transition 
(Anderson, 2006). Local authorities in the United Kingdom have a vital role in the development of 
this ‘circular economy’ as they are at the interface between the source (households) and the 
reprocessing industry, where waste materials can be obtained to close the ‘material loop’ (Beigl et 
al, 2008; Reid et al, 2008; Deutz et al, 2010). However, the waste management process involves 
many stakeholders, who may have conflicting interests. For example, household waste is a waste 
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stream that can include over 60 different types of materials and products (Cox et al, 2015a), whose 
management system involves the local authority that collects the waste, the secondary contractor 
who transports the waste and the treatment facilities (who are also sub-contracted), which 
reprocess and dispose of the materials. Within this system, each player typically seeks to maximise 
their profits and as such, this can make achieving the optimal balance of actions that recovers the 
most value from the waste stream, difficult. Consequently, if we are to change the relationship 
society has with the goods it no longer requires and thus ensure resource security for generations, 
then there is a real need to make sustainable and well-informed decision-making possible for the 
waste management industry.  
1.2 Aims and Objectives  
The purpose of the current work is to consider the (potentially) missed opportunities in the waste 
stream and review existing capabilities for extracting value from these resources. The overall aim of 
this research was to: 
Develop a ‘tool’, which enables local authorities to access value (taking due account of social, 
environmental and economic principles) from their waste streams. 
In order to fulfil this aim, Surrey County Council (SCC) is used as a case study, by answering five 
specific objectives: 
 Objective 1: Develop a methodology to calculate the weight of ‘problematic’ material 
streams. 
 Objective 2: Develop a composition specification that allows for the review of material 
streams within Surrey, in order to identify problematic materials2 or those with unknown 
recovery routes.  
 Objective 3: Identification of reuse, recycling and recovery opportunities for key waste 
streams. 
 Objective 4: Produce a Decision-Making Framework that can be used to aid sustainable 
local authority decision-making and test its suitability. 
Fundamentally, the underlying ethos of this work has been to view waste as a resource that can, if 
managed effectively, reduce negative environmental impacts, generate wealth, and provide net 
benefits to society. As such, the thesis uses a range of case studies to explore the applicability of the 
methodology developed herein. 
                                                        
2 Problematic materials refer to those which are not conventionally considered for recycling. 
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1.3 Outline  
Given that the purpose of this thesis was to: Develop a ‘tool’, which enables local authorities to 
access value (taking due account of social, environmental and economic principles) from their waste 
streams, the outline of the work is as follows:  
Chapter 2 presents the literature reviewed to set out the background context for this thesis. The 
chapter explores the drivers of waste management and seeks to develop an understanding of the 
roles and responsibilities of the various stakeholders involved. It considers why sustainability is an 
important feature for the future of waste management systems and then focuses its attention on 
decision-making in the context of waste management. It reviews current techniques used to 
examine the environmental, social and economic implications of existing waste management 
practices, and identifies the need for a practical decision-making framework specifically aimed at 
making sustainable decisions at the local authority level. 
Chapter 3 outlines the methodology developed and used in this thesis by presenting the first 
iteration of a decision-making framework, the ‘Local Authority Optimal Materials Management 
Framework’ (LAOMMaF). The purpose of LAOMMaF is to aid local authorities in making sustainable 
decisions in order to satisfy Objective 4. Providing local authorities with a standardised, transparent 
methodology will enable sustainable management decisions to be communicated more effectively 
with stakeholders in the ‘Waste Supply Chain’ to end market. The case study area, Surrey, is 
explored and the primary data sets used throughout the thesis are also described. 
Chapter 4 develops a methodology to calculate the weight of a material in order to establish the 
amount of Absorbent Hygiene Products available, satisfying Objective 1. Secondly, Chapter 4 
provides a case study outlining the first application of the decision-making framework, satisfying 
Objective 4. This case study explores the management of the complex waste stream represented by 
absorbent hygiene products with the purpose of understanding the optimal management process 
for this waste stream. In applying the LAOMMaF to absorbent hygiene products several gaps in 
knowledge were identified and are considered in the subsequent chapters. Moreover, the work in 
this chapter forms a published paper. 
In Chapter 4 waste composition was identified as an area where local authority knowledge was 
lacking. Thus, Chapter 5 presents the methodology for a standardised materials composition 
specification, which fulfills Objective 2. The application of the specification to Surrey provided 
significant improvements on previous specifications and allowed SCC to prioritise different material 
stream management. The chapter is used to refine the original decision-making framework, in order 
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to also satisfy Objective 4. Finally, the work herein was published in the Proceedings of the Institute 
of Civil Engineer: Waste and Resource Management. 
Chapter 6 presents a Multi-Criteria Decision-Making (MCDM) methodology, using Multi-Attribute 
Utility Theory (MAUT) specifically aimed at local authority decision-makers. The methodology is 
used to appraise the merits of alternative management options and is based on the wider principles 
of sustainability (including economic, environmental and social factors). The method developed 
herein was applied to a case study looking at the opportunities to manage the household wood 
waste available in Surrey, satisfying Objective 3. This chapter is used in the refinement of 
LAOMMaF satisfying Objective 4. The application of MCDM adapted for local authority use in this 
work provides a structured way in for the principles of sustainability to be fairly incorporated into 
the decision-making process. 
Chapter 7 presents a revised version of the LAOMMaF established in Chapter 3 in light of the 
changes made as a consequence of the work reported in Chapters 5 and 6, satisfying Objective 4. 
Chapter 7 then applies this framework to a case study, which allowed the district and borough 
councils in Surrey to understand if they were compliant with the Waste England and Wales 
Regulations, (as amended 2011). The work in this chapter has also been disseminated to other local 
authorities through direct communications and presented at several conferences. 
Chapter 8 presents a discussion of the work contained in the thesis; bringing together the main 
concepts used and exploring the practical application of this work. It also presents future work 
before the concluding remarks. 
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Chapter 2 – Literature Review 
 
2.1 Introduction 
Waste has been a prevalent feature of non-nomadic human culture since as early as 10,000 BC. 
The first materials recorded as waste were predominantly biodegradable and easily managed 
organic materials such as vegetable leftovers, bones and wood and ash from fires; all resources 
required to survive (Marshall and Farahbakhsh, 2013). However, since then, much has changed. 
The transformation from consuming to survive, to consuming to prosper, occurred after the 
industrialisation of society. Inevitably, this has meant that over time goods have become 
intrinsically less valuable, either through functional or fashionable obsolescence (Bulkley et al, 
2005; King et al, 2006) and a willingness to ‘make do and mend’ was replaced by a ‘throwaway 
culture’ (Lave et al, 1999). Consequently, continued population growth and economic 
development led to a complex relationship between consumption and quality of life; with a 
perception that an increase in goods can lead to a better standard of living (Gatersleben and Vlek, 
1997). Today, however, there is a growing appreciation that the current rate of waste generation 
and attitudes towards it cannot continue indefinitely. This is because feedstock materials and 
resources are finite. Therefore, whilst there may be natural reserves of various materials to use in 
the future, they may not be easily accessible or cost effective to extract.  
This literature review begins with an exploration of the definitions of waste and waste 
management. Also considered are the drivers of waste management, with a focus on legislation. 
The theory of waste management, particularly in the context of sustainability is outlined and the 
concept of ‘waste as a resource’ is presented in detail. The literature that can support the 
transition to sustainable waste management from the perspective of local authorities is also 
discussed. Finally, a consideration of decision-making for sustainable waste management is 
presented. 
2.2 Waste and Waste Management 
2.2.1 What is ‘Waste’? 
According to the Oxford English Dictionary (2015), the definition of waste is to ‘use or expend 
carelessly, extravagantly, or to no purpose’. The European Union (2008/98/EC) has defined waste 
as ‘any substance or object, which the holder discards or intends or is required to discard’. 
Alternatively, the Organisation for Economic Co-operation and Development (1994) stated that 
‘wastes are materials other than radioactive materials intended for disposal’. Finally, the United 
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Nations (UNEP, 1989) has defined waste as ‘substances or objects, which are disposed of or are 
intended to be disposed of or are required to be disposed of by the provisions of national law’. 
Therefore, waste can be anything that a user decides is no longer needed and hence, waste can be 
generated at any time and by anyone. The latter three, widely accepted, definitions share a 
commonality in the ‘disposal’ of ‘substances, materials, and objects’. However, they bear no 
relation to the dictionary definition of waste as a careless behaviour and a result of inefficient 
processes. Perhaps more usefully, Seadon (2006) has suggested that ‘waste is a result of 
inadequate thinking’ and Clift (1993) has stated that ‘if you concentrate on waste, you have failed 
to see the real problem […] how to reduce the flow of non-renewable materials and energy through 
the economy’. Therefore, definitions that focus entirely on disposal issues do not provide any 
consideration for the fact that ‘waste’ represents an inefficient use of materials. Furthermore, the 
definitions fail to recognise that products within a waste stream can be given a secondary 
purpose: they can be repaired; can be recycled; and will possess economic value (Prongrácz, 
2006). Critically, this can mean that, if no one takes responsibility for or, ‘ownership’ of the waste 
then finite resources are inevitably being lost (Clift, 1993). 
2.2.2 What is Waste Management? 
Waste management, as defined by the Oxford English Dictionary (2015) is ‘the processes involved 
in dealing with the waste of humans and organisms, including minimisation, handling, processing, 
storage, recycling, transport and final disposal’. Prongrácz (2006) has suggested that waste 
management is a practical, reactionary process, responsible for finding solutions to individual 
waste problems. However, the situation of waste management is complex. It is not only the 
process of identifying solutions to logistical problems involving collection, haulage, reprocessing, 
recycling, and disposal. It is also about finding ‘material’ solutions as opposed to waste disposal 
solutions. There are numerous materials within the waste stream and these materials vary greatly, 
by: source, weight and composition, both spatially (depending on where the waste is generated) 
and temporally (when the waste is generated). Therefore, this complexity arises not only from the 
variety of materials available, but also from the integration of stakeholders and management 
techniques themselves. Each of these stakeholders will have their own set of boundaries within 
which they operate and thus will affect the applicability of different solutions to these materials 
(Zotos et al, 2009). These boundaries can be policy-led, economic, social, technical, or operational, 
supported by Shekdar (2009), Figure 2.1, who suggest that ‘[waste] management is not just a 
technical system facilitating the handling and disposal of [waste]. [It also] deals with many other 
factors such as, socio-economic conditions, operating environment and actions of the municipal 
government’. Therefore, highlighting the need for a strategic decision-making tool that can 
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incorporate the assessment of several different variables. However, Shekdar (2009) fails to include 
the environment within this model of integrated waste management and thus for sustainability, as 
discussed by Salhofer et al (2007) this parameter must also be included here.  
  
Figure 2.1 – Integrated elements of solid waste management (from Shekdar, 2009).  
2.2.3 What Drives Waste Management? 
2.2.3.1 National and EU Legislation 
Policy and legal frameworks were identified in Figure 2.1 as one of the integrated elements of 
waste management. In the context of the UK and local authorities, European Law is one of the 
main driving forces behind changes waste management practices (Bates et al, 2008). Policies from 
European Union directives are devolved to UK local authorities with the purpose of defining waste 
and setting guidelines for its management. Some of these directives include: 
 Batteries Directive (1991/157/EEC) 
 Hazardous Waste Directive (1991/689/EEC) 
 Packaging Directive (1994/62/EC) 
 Integrated Pollution, Prevention and Control (1996/61/EC) 
 Landfill Directive (1999/31/EC) 
 End of Life Vehicles Directive (2000/23/EC) 
 WEEE Directive (2002/96/EC)  
 Waste Framework Directive (2008/98/EC) 
 
 8 
These legislative drivers can be both enabling and restrictive (Wilson et al, 2001). The directives 
can enable change, for example by banning biodegradable waste to landfill and encouraging the 
separate collection of food waste for households and businesses, with the potential generate up 
to 85,500 MWh of energy from 270,000 tonne (Defra, 2014; Viridor, 2014). Although other drivers 
can restrict the flexibility of the waste supply chain by prescribing (or incentivising) specific 
procedures, processes and/or targets (Wilson et al, 2001). For example, the Packaging Directive 
(1994/62/EC) which was transcribed into UK law through the producer responsibility regulations 
that have set targets to reduce the amount of plastics packaging by 57% by 2017. As a 
consequence, companies like Marks and Spencer have changed from using easily reprocessable 
polyethylene terephthalate (PET) and high-density polyethylene (HDPE) packaging, to light weight 
low-density polyethylene (LDPE). Whilst this has reduced the weight (due to differences in 
material density) of their packaging by up to 25% (M&S, 2008), it has had significant consequences 
on the downstream supply chain because local authorities and reprocessors have particular 
problems with recycling this material back into food grade packaging. Consequently, whilst 
reducing the weight of plastics local authorities and associated organisations find themselves 
losing income from the recyclable plastics, as well as having to find alternative outlets for the 
increase in LDPE (which is often sent to landfill or EfW). Another example of restrictive legislation 
comes from the Environment Agency (EA). In May 2012, the EA issued guidance stating that 
compost from dedicated street sweepings were not of a suitable quality for use in agricultural and 
horticultural applications. Therefore, the material can no longer be composted and must be sent 
for disposal instead. Consequently, this guidance (based on a limited, small-scale trial) has meant 
that local authorities can: a) no longer claim this as recycling (a significant impact on recycling 
rates) and b) require an alternative disposal route (incurring higher treatment costs). 
There are two specific directives affecting the research presented in this thesis. The first is the 
Landfill Directive (1991/31/EC), which is responsible for the prevention and reduction of possible 
negative effects of waste on the environment in relation to the natural environment and human 
health. This legislation sets the cost of landfill tax, which is a key driver for local authorities as it 
has forced them to think differently about how they manage their waste. The second is the Waste 
Framework Directive (WFD) (2008/98/EC). This Directive considers the whole lifecycle of waste 
from generation to disposal and presents the Waste Hierarchy (Figure 2.2) as an important 
principle, which emphasises the preferred options of reuse and recycling over incineration and 
landfill (Defra, 2007a; EC, 2008; Defra, 2011b). This piece of legislation is significant, as it requires 
local authorities to think beyond the traditional disposal methods for waste and encourages a 
sustainable approach for a triple bottom line ‘win-win-win’ (Burström and Korhonen, 2001). The 
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purpose being to: i) save money, ii) reduce environmental burdens, iii) decrease dependency on 
material imports, and iv) ensure a sufficient standard of living for the community. 
Waste prevention is at the top of the hierarchy and is the aspirational management option aimed 
at preventing materials from entering the waste stream in the first instance. From the perspective 
of local authorities, prevention efforts are difficult to justify, as there are no means to quantify its 
benefits. Therefore, without an integration of the waste supply chain it is unlikely that substantial 
social, environmental, and economic savings will be made by local authorities and in this context 
Surrey County Council (SCC). 
 
Figure 2.2 – Principles of the Waste Hierarchy (Defra, 2007a). 
On the other hand, SCC and the 11 district and borough councils are looking to find opportunities 
other than disposal to produce the desired financial and environmental benefits in order to 
sustainably manage the annual 520,000 tonnes of household waste that is currently generated 
(SCC, 2014). Prevention and disposal sit outside the remit of this project. Firstly, another Research 
The principals of prevention include: 
using fewer materials in the design and 
manufacture of good, extending product 
life, reuse and avoid the use of 
hazardous material. 
Prepare for reuse and upcycling 
involves: checking, cleaning, 
repairing, refurbishing as whole 
items or separate parts. 
Recycling involves turning the 
waste into a new substance or 
product usually requiring the 
input of additional virgin 
materials and energy.  
Other Recovery includes: Anaerobic 
Digestion, Energy from Waste, 
Gasification and Pyrolysis to create 
fuels, heat and power. 
Disposal includes: landfill and 
incineration without energy recovery. 
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Engineer was working at SCC and their work focuses on behaviour change and waste prevention. 
Secondly, disposal is not considered as it is the least preferential management option which SCC 
are looking to avoid. The red box in Figure 2.2 represents the management areas that this project 
will focus on. Of the remaining three areas: 
 ‘Prepare for re-use’ is often associated with furniture and Waste Electronic and Electrical 
Equipment (WEEE). Upcycling can also be included here as it is the process by which waste 
is turned into a new ‘higher value’ product, either environmentally, economically or both. 
 ‘Recycling’ (including composting) has traditionally been the focus of waste management 
efforts; however alone it is insufficient to deal with the waste produced by current levels 
of consumption (Dimache et al, 2010; Mueller, 2013). 
 ‘Other recovery’ includes anaerobic digestion, gasification, and Energy from Waste (EfW). 
Energy recovery is currently widely supported by the UK government as part of the 
‘Renewable Obligations Certificates’ scheme and the commissioning of new biomass 
plants that can accept waste material as a feedstock. 
It should be noted that whilst a useful concept, the ‘Waste Hierarchy’ presented in Figure 2.2 is 
not always appropriate for all types of waste: for example, food waste cannot be recycled in the 
conventional sense, but can be turned into energy and fertiliser through anaerobic digestion or 
composting. Consequently, the hierarchy is not strictly applicable because management options 
are often determined by material, technology, and infrastructure availability (Bulkley et al, 2005). 
A recent revision of the WFD, in article 4(2), permits a departure from the hierarchy for specific 
materials streams, where it can be justified that the overall environmental impact of the 
generation and management of waste is reduced (Defra, 2011b). Therefore, this project has 
adapted the concepts presented in the hierarchy in order to identify appropriate, sustainable 
management opportunities relevant to the material type (Prongrácz, 2006). 
2.2.3.2 Other Drivers  
There are many other factors responsible for driving the way that waste is managed (Shekdar, 
2009). Firstly, economic drivers are often associated with markets, particularly those relating to 
the recycling markets, where instability in supply coupled with oil prices can determine what types 
of waste management are most favourable. For example, when the global price of oil plummeted 
in May 2015, so too did the value of plastic recyclates. Consequently, it was cheaper to make new 
plastics than it was to recycle old (Elstein, 2015). If this change was to continue, it could reduce the 
attractiveness of recycling plastics, which could in turn increase the prevalence of plastics in the 
residual waste stream. At the same time, the cost of the current waste management system also 
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has a driving effect on encouraging changes to current practice, as local authorities and 
commercial organisations look at potential savings opportunities and revenue growth (Wilson et 
al, 2001; Seadon 2006; SCC, 2014). 
Political drivers are often influenced by economic factors. In particular, local authorities in the UK 
have been tasked with ‘doing more with less’ in light of new austerity measures being put in place 
(Widdowson et al, 2015), as a consequence of the economic crisis of 2008. Furthermore, political 
agendas and terms of office can also drive waste management, for example Defra offered a range 
of economic incentives to support energy generation from anaerobic digestion (AD) including: 
feed in tariffs supporting AD at 11.5 p/kWh for installations under 500 kWe and 9 p/kWh for 
installations larger than 500 kWe (DECC, 2011). A political endorsement of this technology 
resulted in an increased uptake and use of AD particularly on farms (Wilson et al, 2001; Seadon, 
2006). However, the removal of these incentives in April 2015 (FiT, 2015), caused concern in the 
industry, fearing that investment in the technology would be reduced and as such it would not be 
possible to maintain a diversion of inedible food and farm waste products from landfill (Nichols, 
2014). This highlights political drivers as being both a positive and negative.  
Socio-cultural factors can also influence waste management practices, particularly when it comes 
to public concern over technology and facility installation. For example, SCC’s proposals for an 
incinerator in Guildford in 2001 were rejected amidst public concerns and ‘nimbyism’ (Marshall 
and Farahbakhsh, 2013) as well as the negative impacts that it may have on other forms of 
recycling and reuse.  
Environmental drivers have been gaining momentum as important factors driving waste 
management systems (Salhofer, 2007). In particular, concerns over climate change and emission 
of greenhouse gases (GHG) (such as carbon dioxide and methane) associated with the landfilling of 
biodegradable waste is driving bans on materials, like wood, being sent to landfill (Warhurst, 
2006). Coupled with this are concerns over increasing resource consumption and the criticality of 
certain rare materials, which represent the driving forces behind a paradigm shift from seeing 
waste material as a cost to instead seeing it as a resource with value (Mathews and Tan, 2011; 
Cooper, 2013). This implies that more should be done to extract this inherent value for the benefit 
of society. For example, in 2014 Nike used recycled plastic bottles to make fabric for the England 
football strip (Moore, 2014).  
Technological drivers also have an influence over waste management practices. Advances in 
associated technologies can; encourage the recycling of complex materials that had not previously 
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been considered, increase recycling rates, provide outlets for recycled materials and increase 
efficiencies in waste management processes. For example, a new technology developed by 
Knowaste can be used to recycle nappy and incontinence waste, into fibre and plastics. As a result, 
local authorities and other commercial companies are currently looking to exploit this new 
technology and make financial savings as well as increase recycling rates (Knowaste, 2013). 
Operational drivers, including economies of scale and critical mass, as well as infrastructure 
availability can influence how waste is managed (Wilson et al, 2001). The South East 7 (SE7), who 
are a consortium of seven local authorities in the South East of England, explored opportunities for 
joint working and maximising income from the process of recycling materials, by the collaborative 
operation of shared facilities. Furthermore, operational drivers can include material composition, 
location, and demography; for example, four local authorities in Surrey are currently looking to 
(collaboratively) collect recyclable and residual wastes, which cross their geographic boundaries, in 
order to reduce the financial burden of waste. 
2.2.4 Local Authorities and Waste Management 
2.2.4.1 What is a Local Authority? 
As was discussed in Section 2.2.3, European Law stipulates how waste should be managed in the 
UK, consequently local authorities bear this responsibility. A local authority also referred to as a 
local council, is an administrative body within local government. In the UK, there are 433 local 
authorities, whose powers are devolved from national government (UK Gov, 2015). There are 
several types of authorities, who each have differing responsibilities. County (or city) councils are 
responsible for services across the entire county (or city) such as education, transport, planning, 
fire, and public safety, social care, libraries, waste management and trading standards. District or 
borough councils, cover a smaller geographic area as compared to county councils. Therefore, 
their services include rubbish collection, recycling, council tax collections, housing, and planning 
applications. Unitary councils are a one-tier authority responsible for all the services, which county 
and district and borough councils operate. Finally, town and parish councils are elected locally and 
operate at a level below county, district and borough councils and in some cases unitary 
authorities. They are responsible for community centres, play areas, consultations on 
neighbourhood planning, and can help with grants to support local organisations (UK Gov, 2015). 
Most of these services are mandatory and are a duty, which local authorities must conduct as 
stipulated by law (UK Gov, 2015). Further, local authorities are made up of elected councillors 
from different political parties and paid council staff that deliver the various services. Each service 
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provided has a committee who recommend decisions on key service changes, but the full council 
must agree before any changes can be made. 
2.2.4.2 The Role of Local Authorities 
Local authorities play a central role in waste management; they have a duty of care to provide 
collection and disposal services for household waste, from all residents within their geographical 
boundaries, putting them at the key interface of differentiating between wastes and resources. 
Historically, sustainability did not play a significant role in the waste management practices of local 
governments; material value was not a part of their core business and management was driven by 
collection logistics based on geography, as opposed to material flows (Benton and Hazell, 2014). 
Furthermore adopting the minimum cost option was the default procedure in order to avoid 
prosecution and abide by the law, using ‘best available technology not entailing excessive cost’ for 
disposal (BATNEEC) or management options that are the ‘cheapest available technology narrowly 
avoiding prosecution’ (CATNAP) (Wilson et al, 2001). This is strengthened by the differentiation 
between who is responsible for the collection and disposal of waste – some authorities are only 
responsible for the collection of material, meaning that they rarely see any of the financial, 
environmental, or social benefits of associated with changes in collection practices, which result in 
improved resource recovery. As a result, opportunities to collect materials in the most appropriate 
way, to obtain best value, are missed.  
However, now that there is an understanding that the materials collected as part of the household 
waste stream have the potential to provide a significant income stream, strategies need to focus 
turning problems into solutions as opposed to focusing on waste (Benton and Hazell, 2014). The 
Environmental Services Association have suggested that improved reuse and recycling through 
innovation, optimisation and a stable policy framework, facilitated by a circular economy could 
increase the UK’s GDP by £3 billion (per year), (ESA, 2013). A study by WRAP has suggested that if 
aggregated across the EU this figure could be as much as £47 billion (WRAP, 2013a).  
2.2.5 From Waste to Resource  
The concept of ‘Waste as a Resource’ was central to the EU Thematic Strategy on the Prevention 
and Recycling of Waste (EC, 2011). In this strategy, waste and resource policies became entwined 
through Lifecycle Thinking (LCT), in an attempt to avoid waste, manage resources effectively, and 
thus provide environmental and economic savings. Lifecycle Thinking (LCT) is defined as a 
production and consumption strategy that takes account of all the impacts (environmental, 
economic and social) that a product or service will have throughout its lifecycle ‘from cradle to 
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grave’. In the context of waste management, LCT3 has been adopted in order to identify potential 
improvements to products or systems by reducing the environmental, social and economic 
impacts at all lifecycle stages.  
Thinking within UK Government and Industry has shifted from seeing disposed of materials as a 
waste to considering them as a resource instead aiming to boost ‘eco-efficiency’ and ‘close 
material loops’ as a result of these policies. The intention was to involve all relevant stakeholders 
including producers, retailers, consumers, local authorities and the waste management industry to 
highlight the important role each has on reduction, reuse, and recycling (Defra, 2007a). Therefore, 
using the term ‘waste’ to classify material streams arising from households is understandable, but 
it represents a mind-set that is potentially closed to the opportunities they present as a potential 
resource. This suggests that such an approach is neither appropriate nor helpful (Pongrácz and 
Pohjola, 2004; Marshall and Farahbakhsh, 2013). Dijkema et al (2000) provide support for this 
stating that ‘waste is a subjective concept rather than a qualification of a particular substance, or 
object, which does not vanish after disposal’. 
Utilising waste as a resource is a significant example of sustainability. For example, in quarter one 
(January to March) of 2015 recycled clear polyethylene terephthalate (PET) commanded values of 
up to £150 per tonne (Let’s Recycle, 2015). Moreover, manufacturing costs of plastic bottles can 
be reduced through PET bottle-to-bottle recycling, such as the Evian-Volvic collaboration in 2009 
(Greenwise, 2009). It can also: 
 create a competitive advantage for businesses; 
 contribute to the protection of the environment by the conservation of natural resources; 
  decrease dependency on natural resources; 
  helping secure the supply of material; 
 reduce overall weight of waste and contribute to a reduction in greenhouse gas emissions 
by avoiding disposal in landfill and EfW (Van Eijak, 2012); 
  generate jobs (up to 50,000 across the UK according to the ESA, 2013); and, 
 reduce bottom-line costs and generate top-line profits through ‘environmentally-friendly’ 
organisational and technological innovations (Nidumolu et al, 2009).  
Traditionally, when we consider sustainability we think of making processes sustainable, however 
Bischel and Costello (2010) explore the sustainability of material properties and in this context, 
material feedstock (Perella and Baldock, 2013). This is a fundamental factor when considering the 
                                                        
3 It should be noted that LCT differs from Lifecycle Assessment (LCA), which is a process of accounting for ‘inputs, outputs and the potential environmental 
impacts of a product system throughout its life-cycle’ (ISO, 2006). Instead, LCT aims to identify possible environmental improvements to products and 
services through reducing resource consumption at all lifecycle stages (Lazarevic et al, 2012). 
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utilisation of waste as a resource: not only do we have to worry about the sustainability of the 
waste management process, but we must also consider this in parallel with the intrinsic properties 
of the materials we wish to reutilise (Figure 2.3). Therefore, ‘a product made from a rapidly 
renewable resource is only sustainable if it meets the needs or exceeds the performance 
characteristics of the materials it is replacing’ (Bischel and Costello, 2010). For example Forest 
Stewardship Council certified wood could be deemed as sustainable. However, its use in a specific 
product like wood flooring, (that will have been manufactured and had its properties altered) may 
not be. If the quality of the wood flooring is poor and is required to be replaced frequently, this 
begs the question is it really sustainable? This is an important consideration when developing 
sustainable waste management decisions, i.e. finding appropriate lifecycle solutions for each 
material and again highlights the complexities that must be considered when reformulating the 
waste supply chain. 
 
Figure 2.3 – The interrelationship between material property and process sustainability. 
2.2.6 Sustainability and Waste Management 
The previous sections have explored the variables and drivers of waste management systems, 
which taken together make it a complex social, environmental and economically difficult aspect of 
modern day society. As such, sustainability is now an important dimension of waste management. 
‘Sustainability’ has been defined as ‘[meeting] the needs of the present without compromising the 
ability of future generations to meet their own needs’ (Brundtland, 1987). In essence, this can be 
interpreted to cover three key aspects of waste management: social, environmental, and 
economic. Social elements of sustainability relate to ensuring that products and processes do not 
 16 
adversely affect communities and their quality of life. The environmental aspect of sustainability 
means that adverse impacts on the environment should be removed or at least minimised. Finally, 
economic refers to direct and indirect costs. Therefore, sustainability is a balance between these 
three ‘pillars’. Agenda 21, developed by the United Nations in 1992, defined sustainable waste 
management as ‘the application of integrated life-cycle management in the concept of waste 
management’ (Chung and Lo, 2003). With this in mind, practically for waste management, 
sustainability can be taken as ‘strategic planning and decision-making to determine best action’ 
(Pongrácz, 2006) and appraising options in line with a balance of economic, environmental and 
social factors, which look to understand interrelated effects and consequences. 
Sustainable Local Authority waste management, by principle, seeks to improve the quality of 
people’s lives, by removing waste from the environment and ensuring it is appropriately and safely 
managed. This also involves ensuring management practices are adequate in meeting statutory 
environmental legislation, whilst remaining economically affordable. Practically, this means 
optimising waste collection systems across traditional geographic boundaries (ESA, 2013); 
minimising the production of waste; promoting material recovery and recycling; as well as looking 
at opportunities to engage with various stakeholders to support this transition (Zotos et al, 2009). 
Therefore, the success of a sustainable waste industry is dependent on working closely with 
product designers, the supply chain, and consumers, to develop a common set of achievable goals 
with defined responsibilities (Kates et al, 2005). Seadon (2010) suggests that ‘the dynamics of a 
transition to a sustainable society requires a systems approach and waste management is a 
fundamental system that must be confronted’. 
It is unlikely that the waste industry will be able to act alone. Prevention of waste and designing 
for the environment must be an intrinsic part of the initial product concept, as well as through the 
supply chain. Natural resources need to be substituted for recycled ones where possible and 
wasteful behaviours need to be targeted to encourage eco-efficiency (Pongrácz, 2009). This is 
further complicated within the context of local authorities. Where there is a trade-off ‘between 
the urge to take strong stands on fundamental concerns and the need to gain wide political 
acceptance and support’ (Lélé, 1991). Therefore, a defined blueprint for a socially acceptable 
economically optimised and environmentally desirable waste management system is currently 
unknown (Wilson, et al 2001; Chung and Lo, 2003). 
2.2.7 The Future: Closing the Material Loop?  
As noted previously, waste in one sector can potentially be used as a resource in another. It has 
been suggested that for this to be achieved ‘Industrial Ecology’ is central to this transition in 
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overcoming the complexities of the waste supply chain, Figure 2.4. Industrial Ecology can be 
defined as ‘a field of study concerned with the interrelationships of human industrial systems and 
their environments’ (Seager and Theis, 2002). This suggests that an industrial system, or in this 
case, a waste management system, requires inputs and generates outputs, much like a biological 
ecosystem (Seadon, 2006). Developing this, ‘Industrial Symbiosis’ suggests that if one organism 
can make use of another organism’s waste, then this can also occur within an industrial system 
(Korhonen et al, 2004; Posch, 2010). This approach seeks  ‘to optimize the total materials cycle 
from virgin material to finished material, to component, to product, to waste product and to 
ultimate disposal’ (Jelinski et al, 1992), with the intention of producing a ‘more elegant, less 
wasteful network of industrial processes’ (Erkman, 1997). More formally, Industrial Symbiosis can 
be defined as ‘the part of industrial ecology [which] engages traditionally separate industries in a 
collective approach to competitive advantage, involving physical exchange of materials, energy, 
waste, and by-products’ (Chertow, 2000). The benefit of these networks, as outlined by Burström 
and Korhonen, is that in ‘a successful industrial ecosystem the economic gains lie in the reduction 
of raw material and energy costs, waste management costs and costs resulting from 
environmental legislation’ (2001). It is important to note that ‘closed-loop’ systems are not new 
and it would be a mistake to assume that the manufacture and industrial use of products is 
fundamentally mismanaged (Desrochers, 2000). 
The relevance of Industrial Symbiosis in the context of this work is that it provides the theoretical 
framework for the development of synergistic resource sharing networks. However, in practice, 
because no one has control over the entire system, holistic waste and resource management is 
difficult (Marshall and Farahbakhsh, 2013). Further, this complexity can be deepened by power 
struggles, issues of trust and transparency, as well as a lack of political or institutional support, 
both within and between the organisations involved (Vermeulen and Ras, 2006). Although, to 
overcome this Schulte (2013) has suggested that several principles should be employed. These are: 
i) to consider management from an entire systems perspective, ii) to improved transparency and 
communication, iii) to minimise the amount of waste generated, and iv) improved recycling by 
design. Further, the concepts of ‘Closing the Loop’ and the ‘Circular Economy’ (which are used 
interchangeably in much of the literature) can offer potential solutions to this issue (Mathews and 
Tan, 2011; Ordoñez and Rahe, 2013).  
‘Closing the Loop’ has been defined by Potočnik as ‘an industrial system that is restorative or 
regenerative by intention or design […] it replaces end-of life concepts with restoration, shifts 
towards use of renewable energy, […] aims for the elimination of waste through the design of 
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materials, products, systems and within this, business models’ (2013). Similarly, the ‘Circular 
Economy’ has been described as a means to extract value from residual materials by intercompany 
recycling of industrial by-products and waste (Desrochers 2000; Posch, 2010).  
 
Figure 2.4 – Complexity of the waste supply chain network (Cox and Jesson, 20154). Direct relationships are represented by solid 
green lines. The dotted lines represent future relationships and solid black lines represents influences. 
Therefore, for these loops to be closed and the economy to become circular (and sustainable) all 
stakeholders must play a role. This is not only between organisations but also across different 
disciplines, for example engineers and waste managers (Kasemir et al, 2003; Ordoñez and Rahe, 
2013). 
As has previously been discussed in this chapter, there are a range of stakeholders involved in the 
management of household waste. The process begins with material being collected by the local 
                                                        
4 Art work kindly supplied by Materials World, from original work by the author. 
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authority, which can be dealt with in-house either by the local authority, or carried out by a third 
party contractor. From the contractors, materials are then (depending on how they are collected 
at source) sent for sorting and from there, they are sent onto a range of reprocessors, where 
tracking the material and understanding its end destination becomes extremely difficult. There are 
several types of linkages between a local authority and the other stakeholders, Figure 2.4.  
Direct relationships relate to those whereby the relationship is vital for the system to work, for 
example a collector’s arrangements with a materials recovery facility (MRF) in a goods for money 
exchange, or an exchange between the household and local authority. However, the dotted 
arrows are indicative of where a relationship needs to be developed in order for the future 
management of waste to be sustainable. Finally, the arrows indicating influence relate to external 
forces that can lead to the system becoming unbalanced, or can change the course of 
management practices. An example of this, as previously discussed, is the effect of Environment 
Agency (EA) guidance on street leaf sweepings (Section 2.2.3).  
In order to practically apply concepts of ‘Industrial Symbiosis’ and ‘closed-loop’ thinking, local 
authority waste management departments can have a fundamental role by acting as the facilitator 
(Burström and Korhonen, 2001; Zotos et al, 2009; Mathews and Tan, 2011). They could do so by 
identifying opportunities to exchange materials, providing flexibility in regulatory requirements, 
being open to diversifying operations and interacting with a variety of stakeholders (Chung and Lo, 
2003; Korhonen et al, 2004; Vermeulen and Ras, 2006). The role of third parties in waste 
management systems must also be addressed: ‘waste moves in a series of wide unnecessary 
circles’ (Sterr and Ott, 2004) meaning that materials are not utilised in the most appropriate ways. 
This is particularly the case for bulky household waste, which due to its collection by a third party 
is often poorly recorded and frequently ends up in landfill. 
However, a number of researchers (Burström and Korhonen, 2001; Vermeulen and Ras, 2006; 
Mathews and Tan, 2011; Jones et al, 2012; Ordoñez and Rahe, 2013; Perella and Baldock, 2013; 
Benton and Hazell, 2014) have suggested that, as with any system with multiple stakeholders, 
there are barriers to developing such networks. Such barriers may include: 
 Motivation and behaviour towards green issues, for example, adversity to change current 
practices when the benefits are uncertain. 
 Information, knowledge, and expertise where there is a lack of technological ability to 
enable network formation. As well as a lack of understanding about how product design 
can influence waste, the benefit of resource sharing, avoiding the use of raw materials, 
understanding of wider environmental challenges. 
 20 
 Costs and benefits with relation to who benefits and how any benefits are shared, for 
example some organisations may be winners (e.g. financially, socially, or environmentally) 
whilst others may lose out. 
 Perceptions of waste for example incineration as a quick and easy management technique 
that provides energy and avoids having to find new ways of dealing with or designing out 
waste materials. 
 Business case, an absence of a tried and tested business model and a lack of institutional 
policy drivers supporting the setup of these networks can make stakeholders reluctant to 
embrace change. 
On the other hand, it has been suggested that policies could be implemented to overcome these 
barriers, but would first need to ‘remove obstacles to industrial resource recovery [...] that prevent 
the re-use of by-products’ (Desrochers, 2004). This would give industry the freedom to develop 
profitable options for waste and by-product management (Desrochers, 2004). Organisations 
wishing to develop such a network would need to establish transparent and open dialogue, co-
operation and create a common vision that may involve setting specifications for materials or 
developing a set code of practice (Chertow, 2000). To do so would require an adequate level of 
knowledge of the industrial sectors involved in the materials to be shared, and the boundaries of 
each industry (Zhu et al, 2007; Van Berkel, 2009). Chertow (2000) compiled a set of measures that 
could be used by local authorities, which includes sharing treatment facilities, aggregating 
collection systems and investing in co-owned facilities. Thus, any scheme must be advantageous to 
all participants and being the result of open dialogue, trust, and co-operation (Posch, 2010).  
Understanding these barriers has highlighted the necessity of having a holistic systems approach 
to Industrial Symbiosis and ‘closing the material loop’ (Burström and Korhonen, 2001; Greenfield, 
2013), whereby the decision process looks at ‘the full range of activities and programmes that 
affect a system or region’ (Chung and Lo, 2003). For a local authority, this will involve 
understanding material composition and weights, the proportion of materials being captured, as 
well as current best practice, legal requirements and available technologies which could create a 
diverse and sustainable set of material exchange networks (Bass and Boons, 2004; Geng et al, 
2010). 
2.3. Decision-Making and Waste Management  
2.3.1 Context 
Waste management, as described by Khan and Faisal (2006) ‘is not only a social problem but an 
amalgamation of political, socio-cultural, technical, fiscal and environmental factors’. This suggests 
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that local authorities are faced with a set of complex and integrated schools of thought that must 
be included in to a single decision-making process. Additionally, Wilson et al (2001) have 
suggested that there is a disconnect between stakeholders, particularly between policy makers 
and waste managers. Therefore, not only are there processes to be integrated in waste 
management, but there are also stakeholders who must be integrated (Posch, 2010). In the 
absence of a ‘one-size fits all’ tool, sustainable and integrated management is difficult. 
There has been much work carried out on Integrated Waste Management (IWM) (Daskalopoulos 
et al, 1998; Hasstrup et al 1998; Costi et al, 2004; Seadon 2006; Minciadri et al, 2008), the United 
Nations Environment Programme defined it in 1996 as ‘a framework of reference for designing and 
implementing new waste management systems and for analysing and optimising existing systems’. 
Therefore, the approach proposed in this thesis is not based on an entirely new ideology. What is 
different, however, is that, IWM has traditionally focused on integrating different technologies, 
e.g. integrating the use of landfill and energy from waste disposal methods with different forms of 
recycling. Whereas, this thesis focuses on integrating the waste supply chain beyond traditional 
management systems, and a shift in paradigm to a waste supply network (Côté and Smolenaars, 
1997). This network would include ‘the totality of nodes of positions that represent entities such as 
individuals, households, companies, associations or other types of organisations and [links 
symbolises the] interaction or interrelation among the entities’ (Posch, 2010).   
2.3.2 What is Decision-Making? 
Local authority waste managers are responsible for making decisions on the direction of waste 
management for that locality and in doing so these decisions affect a wide variety of people 
(Hokkanen and Salminen, 1997). Therefore, a flexible, evidence-based (Williams, 2015), decision-
making process (Varzinskas et al, 2012) is essential that considers the risks and benefits associated 
with waste management. This is because operational activities differ considerably from system to 
system and location to location; legislative and policy structures are dynamic and regularly 
evolving; and, economic considerations can no longer take precedence over that of social and 
environmental effects (Wilson et al, 2001). 
2.3.3 Who are the Decision-Makers? 
Minicardi et al (2008) highlighted the important role of the decision maker. They suggest that, 
more often than not, the decision-maker is not the expert in the field of the decision process thus, 
in order to overcome this, the decision process must be simple to understand and options should 
be outlined in a balanced, consistent and transparent way. This can be achieved by providing the 
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decision-maker with a summary of the key variables and assumptions made to reach the final 
decision or result, along with clear guidelines on how best to understand the reasons for and 
implications of a particular decision. Varzinskas et al (2012) have further expressed the importance 
of providing the decision-maker with both theoretical and specific values concerning the modelling 
of different waste scenarios. In their work, Varzinskas et al (2012) do this through a resource 
allocation mechanism that models a variety of scenarios to meet a given set of goals. This is 
achieved through a combination of financial and environmental modelling; the presentation of 
results is accompanied by a discussion concerning the theoretical and technology specific 
attributes of each scenario in relation to the goals to be achieved.  
Simôes-Gomes et al (2008) suggest that for waste management there are four sets of decision-
makers. First is the government, whose decisions are strongly influenced (in the UK) by European 
Union Directives and environmental protection acts provided by the Environment Agency. They 
must ensure that benefits are achieved for both society and the environment. Secondly, they 
suggest that business managers must ensure the cost-effectiveness of their operations in light of 
any potential restrictions arising from changes to environmental regulations. Third are customers, 
whose decision-making has been suggested to be, in the first instance, based on the least cost 
option, although in recent years with the increase in environmental consciousness, this is 
changing. Finally, Simôes-Gomes et al (2008) suggest integration as the fourth decision-maker, 
where a balanced viewpoint is achieved through consultation with all other decision-makers. With 
this in mind, a methodology is required which fairly incorporates cost, social, or environmental 
impacts, along with the preferences of the decision-makers. Section 2.3.4 explores methods 
currently available to aid decision-making. 
2.3.4 What Tools are Available to Aid Decision-Making?   
Many tools and techniques are available to help aid the decision-making process. In the context of 
this thesis, local authorities and other waste management firms use decision-making tools to:  
 reduce costs associated with waste processing;  
 increase the value that can be obtained from waste materials; 
 identify opportunities to meet changing legal requirements; and, 
 reduce environmental and social harm (Hicks et al, 2004).  
In order for local authorities to decide upon suitable waste management systems, it is important 
that the most appropriate decision support methodologies are used. This is to allow local 
authorities to make informed predictions on the potential impacts of individual process changes 
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and changes to the waste management system as a whole (Herva and Roca, 2013). This section 
will explore the decision-making methods that have been widely applied to waste management 
and review their usefulness in the waste management sector. Six tools have been identified in the 
literature, which evaluate the environmental, economic, and social impacts of both systems and 
products throughout their lifecycle and along their supply chain. These are summarised in 
Table 2.1 
Tools for assessing environmental impacts include Lifecycle Assessment (LCA) where 
environmental impacts of products or services throughout their lifecycle are assessed. This 
methodology is commonly used where projects have yearlong timescales as opposed to months 
for completion and there is good access to the necessary data. Such studies tend to be undertaken 
by academia or large private organisations, but very few local authorities have completed their 
own LCA. In this context Lifecycle Thinking (LCT) may be more appropriate. Lazarevic et al (2012) 
have suggested that LCT utilises the general LCA approach to give representative results without 
requiring as detailed an assessment of each process. Instead, it incorporates a range of reference 
data to identify trends, as opposed to absolute values. Alternatively, Environmentally Extended 
Input-Output Analysis (EEIO) as stated by Kites (2013) ‘is used to evaluate the upstream, 
consumption-based drivers of downstream environmental impacts and to evaluate the 
environmental impacts embodied in goods and services that are traded between nations’. 
Additionally, carbon footprinting has also been used as a method to estimate the total greenhouse 
gas emissions (measured in carbon dioxide equivalents) from the production of raw material to 
disposal of finished product or system, excluding any emissions associated with the product’s use 
phase. Carbon footprinting can use either LCA or EEIO techniques to quantify environmental 
impacts into either absolute carbon emissions, or carbon dioxide equivalents. Arguably, carbon 
footprinting is a more appropriate methodology to be used at the local authority level because it 
can be applied to a range of different scenarios of waste management at a reduced time and cost, 
compared to LCA or EEIO. However, it is important to point out that it does not give a complete 
picture of environmental impacts as it only concentrated on one environmental impact category 
(Masudi et al, 2012). 
Tools for assessing economic cost include Cost Benefit Analysis (CBA) and Lifecycle Costing (LCC) 
(Ness et al, 2007). CBA places a monetary value on the environmental benefits of an investment. 
In contrast, LCC looks at the cost of an investment over time, but does not consider any 
environmental impacts. In the context of this work, the application of a refined LCC approach may  
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Table 2.1 – Comparison of the strengths and weaknesses of tools available to assess the three pillars of sustainability. 
System Purpose Strengths Weaknesses Source 
C
o
st
 B
e
n
e
fi
t 
A
n
al
ys
is
  
(C
B
A
) 
Used to assess investments through the quantitative 
summation of an investment’s anticipated financial impact 
on consumption and resources. 
It evaluates public and private investment proposals by 
weighing the costs of the project against expected 
benefits. 
1. Can deal with uncertainty through comprehensive risk analysis.  
2. Allows for the identification and evaluation of different technical options.  
3. Bases decision on both the company making the decision as well as society.  
4. Provides the sum of all impacts into one monetary result. 
1. Outcome is presented as a single monetary value, which can often be contested.  
2. Continuity and compatibility not always available, as can have fundamental differences in 
methodological practices. 
3. Time consuming. 
4. Difficult to fully measure environmental impacts.  
5. Assumptions about prices may vary over the lifetime of a management option. 
Morrissey and Browne, 2004; 
Ness et al, 2007; 
Pickin, 2008; 
Elghali et al, 2008;  
Karmperis et al, 2012;  
Karmperis et al, 2013.  
 
Li
fe
cy
cl
e
 C
o
st
in
g 
 
(L
C
C
) 
Is an economic approach, adopted from the construction 
industry, which sums up total costs of a product, process, 
or activity discounted over time and allows for comparison 
to alternative investment options. This includes initial, 
service, maintenance (physical and aesthetic), operative 
and disposal costs.   
 
1. Used to rank different investment alternatives. 
2. Quantification in single unit (money). 
3. Provides an indication of most important aspects. 
4. Costs throughout a lifecycle, not just at initial startup. 
1. Cannot handle decision-making in uncertainty.  
2. Assumes alternatives are always available 
3. Oversimplification of multi-dimensional environmental problems. 
4. Results can be biased to decision-makers views. 
5. Dependent on accuracy of input data. 
6. Assumes decision-maker is rational and has access to complete information of alternative 
and outcomes. 
Woodward, 1997; 
Gluch and Baumann, 2004; 
Reich, 2005; 
Ness et al, 2007. 
 
Li
fe
cy
cl
e
 
A
ss
e
ss
m
e
n
ts
  
(L
C
A
) 
Used to evaluate environmental impacts of products or 
services throughout their lifecycle. Therefore LCAs can 
focus on improving the environmental impact associated 
with a specific product, or can be used to compare 2 or 
more functionally equivalent systems for the selection of 
the system with the lowest environmental impact.  
1. Can identify long-term environmental benefits.  
2. Alternative scenarios can be evaluated.  
3. Emissions to air, land and water can be quantified.  
4. Most useful when system boundaries are appropriately identified. 
1. Sensitive to many assumptions.  
2. Time consuming. 
3. Expensive to complete.  
3. Limited availability of reliable data. 
4. Uncertainty. 
Morrissey and Browne, 2004; 
Ness et al, 2007; 
Pickin, 2008; 
Elghali et al, 2008;  
De Bendetto and Klemeš, 2009; 
Karmperis et al, 2013. 
 
En
vi
ro
n
m
e
n
ta
lly
 
Ex
te
n
d
e
d
 In
p
u
t-
O
u
tp
u
t 
A
n
a
ly
si
s 
(E
EI
O
) 
Input-Output tables describe the economic transactions of 
different sectors of the economy as they trade with each 
other. They can be combined with environmental 
information in Environmentally Extended Input-Output 
Analysis to assess the environmental impacts of these 
monetary transactions. 
1. Lifecycle context. 
2. Method avoids double counting. 
3. Can utilise publically available data. 
4. Can be used to calculate embodied environmental impact in goods traded 
between nations. 
5. Inexpensive to apply (providing necessary data is available). 
 
1. Large amounts of data required. 
2. High levels of data aggregation. 
3. Assumes homogeneity within sectors. 
Nathani, 2011; 
Williams et al, 2012; 
Kitzes, 2013. 
 
C
ar
b
o
n
 f
o
o
t-
p
ri
n
ti
n
g 
(C
FP
)5
 
A carbon footprint is a measure of the exclusive total 
amount of carbon dioxide or carbon dioxide equivalent 
emissions that are directly and indirectly caused by an 
activity or is accumulated over the lifecycle of a system. 
Emissions can be recorded from any part of the product 
lifecycle and are determined by the system boundaries set 
in each study. 
1. Can be applied to a range of scenarios. 
2. Useful indicator to compare options. 
3. Less time and cost intensive as compared to full lifecycle analysis. 
4. Can be used to accounts for direct and indirect greenhouse gas emissions, or 
carbon. 
1.  Sensitive to many assumptions. 
2. Poor data availability at a larger scale.  
3. Often a tradeoff between completeness and level of detail. 
4. Does not give a complete environmental assessment. 
Wiedmann and Minx, 2007; 
Minx et al, 2009: 
Turner et al, 2011; 
Laurent et al, 2012; 
Masudi et al, 2012. 
So
ci
al
 L
if
e
cy
cl
e
 
A
ss
e
ss
m
e
n
t 
(S
LC
A
) 
  
Used to assess the social and socio-economic aspects of 
products or processes and their potential impacts (positive 
or negative) throughout their lifecycle. 
 
1. Compares products, production processes or companies. 
2. Identifies improvement potential of products of processes. 
3. Impact categories can be based on a range of stakeholders. 
4. Indictors can be quantitative, semi-quantitative or qualitative. 
5. Can be adapted along a supply chain. 
6. Can utilise both generic and site specific data. 
1. No formalised methodology as yet. 
2. Few completed studies, as it is still in its infancy. 
3. Does not provide actual values, only indicators. 
4. Often subjective scoring and therefore can be biased. 
5. Generally, does not provide information regarding whether or not to produce a product 
or not. 
6. Will not provide a solution. 
7. Indicators are often chosen based on literature studies. 
Clift, 2003; 
Ness et al, 2007; 
Jørgensen et al, 2008; 
UNEP Guidelines, 2009;  
Liao and Chiu, 2011; 
Aparcana and Salhofer, 2013. 
 
                                                        
5 It is important to note that this is not specifically a methodology, but can be conducted using EEIO or LCA to examine carbon emissions along the supply chain. 
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be more appropriate, where there is greater focus on the cost of collection systems balanced with 
any value, which could be derived from the sale of recyclable materials.  
Finally, to assess the social impacts, Social Lifecycle Assessment (SLCA) is the only methodology that 
considers the social and socio-economic aspects of products or processes and their potential impacts 
(positive or negative) throughout their lifecycle (UNEP Guidelines, 2009). It is a methodology in its 
infancy and currently employs subjective scoring mechanisms. However, it can utilise both site 
specific and generic data, as well as incorporating a range of stakeholder decisions. 
Not mentioned in the list above, Multi-Criteria Decision-Making (MCDM) is a decision support tool 
that has been used widely in the literature (Adams and Ghaly, 2007; Hung et al, 2007; Huang et al, 
2011; Herva and Roca, 2013). This is important as the tools listed in Table 2.1 consider the pillars of 
sustainability individually, whereas MCDM is a means to combine the results of the separate 
economic, social, and environmental assessments so that suitable solutions for all stakeholders can 
be identified. In the context of MCDM, suitable solutions are likely to be based on an agreed set of 
parameters, which can be processed to produce a suitable ‘index’ that can be maximised or 
minimised (as appropriate). In such cases, it is possible to use multiple comparisons (often in a 
computer) to find the combination of inputs that yield the ‘best’ final index value when judged 
against competing factors. 
2.3.5 A Review of Previous Studies  
This section reviews a range of case studies conducted using the methods identified in Section 2.3.4. 
Subsequently, each method is reviewed in relation to their usefulness for evidence-based decision-
making from the perspective of local authority waste managers.  
For the environmental assessment of waste management, the most commonly applied methodology 
is Lifecycle Analysis (LCA). There are numerous papers regarding the application of LCA in this 
context and Table 2.2 provides a summary of some of these papers and their applications in waste 
management. De Feo and Malvano (2009) applied LCA to Municipal Solid Waste6 (MSW) on a 
‘provincial scale in order to choose the ‘best’ management system in environmental terms’. In their 
study they used the Waste Integrated System for Assessment and Disposal (WIZARD) methodology, 
which has been able to provide a good indication of the environmental benefits of waste 
management systems and also for comparing scenarios. However, it has been criticised for having a 
limited database of recycling processes as well as being inflexible.  
                                                        
6 MSW is considered to be all types of waste generated by households and any commercial premises where the composition of the waste 
is similar to that of households and is collected by the waste collection authority (Defra, 2011a). 
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Clift et al (2000) have presented work to help understand the application of LCA (as specified in ISO: 
14040) to integrated waste management. Most significantly, in their work they highlight the 
important role of sustainable decision-making within the process, suggesting that the ‘scientific and 
technical assessment are important inputs to the decision process but alone do not determine the 
outcome’. This is particularly relevant when considering waste management decision-making, 
because the system of waste covers a large range of stakeholders (Figure 2.4). This highlights the 
need to consider the social implications of waste management not included in a standard LCA study. 
Environmentally Extended Input-Output Analysis (EEIO) is also used to determine environmental 
impacts. For example, this methodology has been used in land use accounting to calculate the direct 
and indirect land areas of production and consumption activities in a region or county (Hubacek and 
Giljum, 2003). It has also been used in different countries to explore energy use and carbon dioxide 
emissions associated with international trade (Machado et al, 2001). In relation to waste 
management, EEIO has been used to measure the direct and indirect effects of regional solid waste 
generation. For example, Huang et al (1994) build upon the commodity-by-industry approach to 
explore the role of waste composting, reuse and reduction on the minimisation of waste. Nakamura 
and Kondo (2001) have used EEIO to examine alternative waste management options using Japan as 
a case study. In their work, they develop a Waste Input-Output Table, which considers the 
production of goods and the waste industry in terms of impacts on the environment, through 
emissions and the economy. From the literature reviewed on EEIO, it was not clear how a local 
authority would use this to help make sustainable waste management decisions at a localised level. 
However, an element of EEIO, footprinting, may be useful in bridging that gap. Browne et al (2009) 
used both carbon footprinting and ecological footprinting to understand the impacts of different 
waste management systems on an Irish city-region. The work compared a range of scenarios for 
policy analysis including ‘Business As Usual’ (BAU), landfill diversion, reduction and recycling targets. 
As a result, they presented options that could be employed to substantially reduce the impacts of 
waste disposal. The authors reported the usefulness of carbon footprinting as a proxy for 
greenhouse gas emissions but they suggested this could be a limitation too, as it represents a limited 
environmental impact category. 
Gentil et al (2008) have used carbon footprinting as a proxy in Lifecycle Thinking (LCT) to calculate 
the carbon footprint of a section within the waste management system, rather than considering the 
whole system quantifying the environmental impacts of waste exportation. Their work used current 
data from a range of databases (including: OMIT, 2005, EDIP 1998 and ETC) to develop a simplified 
lifecycle inventory for recycling and shipping. 
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Table 2.2 – Summary of some applications of the LCA methodology applied to waste management. 
Source Location Management Types Methodology Synopsis 
Leme et al 
(2014) 
 
 
Brazil  Energy recovery   Techno-economic and Environmental Impact Assessment. 
 Economic – two scenarios for energy production: biogas 
from landfill and Energy from Waste. 
 Environmental Assessment – using Lifecycle analysis: 
Abiotic Depletion Potential, Global Warming Potential, 
Ozone Depletion Potential and Human Toxicity Potential. 
Economic assessment showed that scale was very important. 
Landfills have greater environmental impact – the biogas 
recovery reduced this slightly. 
 
Arafat et al 
(2013) 
 
 
 
  Incineration 
 Gasification  
 Anaerobic 
digestion 
 Composting  
 Bio-landfilling 
 SimaPro v7.3.2 and CML 2001. 
 10 categories: abiotic depletion, climate change, 
stratospheric ozone depletion, human toxicity, water 
aquatic ecotoxicity, marine water ecotoxicity, terrestrial 
ecotoxicity, - expressed in terms of chemical equivalents.  
 Energy and material inputs and outputs. 
‘The novelty of the work presented here is that the analysis is 
based on different treatment technologies as they apply to 
technically to different waste streams not to a fixed MSW mix 
at a specific location. LCA inventory was created based on 
technical modelling and not on specific case accounting – thus 
can be applied to different localities’. 
Gunamantha 
and Sarto 
(2012) 
Kartamantul 
region, 
Yogyakartar 
 Landfilling 
recovery 
 Incineration 
 Gasification 
 Anaerobic 
Digestion 
 Scenario analysis. 
 Environmental burdens of CO2, CO, CH4, N2O, NH3, SO4, 
H2S, HF, HCL and NMVOC. 
 Impact categories of: GWP, AP, EP, PCOP. 
 Includes avoided emissions. 
LCA important for assessing and comparing different solid 
waste scenarios for energy. 
 
 
Koroneos and 
Nanaki, 
(2012) 
 
 
Thessaloniki
, Greece 
 Landfill 
 Anaerobic 
digestion 
 Paper recycling  
 SimPro 5 programme.  
 Analysis method Eco-indicator 99 database.  
 Impact categories include; total energy, environmental 
impacts to resource, ecosystem quality, human health, 
global warming potential, Human Toxicity.  
Models a range of scenarios and found significant decrease in 
impacts when management includes some form of recovery. 
Both paper recycling and anaerobic digestion are preferable 
for their waste streams as opposed to landfilling. 
Boesch et al 
(2011) 
Switzerland  Energy recovery: 
incineration in a 
moving grate  
 Assess the current average impact and to quantify 
potential improvements. 
 Mass flow model to calculate emissions and material 
amounts depending on waste input and treatment 
technology, including: all operating materials used, 
process efficiencies, residues and emissions generated. 
Direct GHG emissions greatest problem. These are 
unavoidable and cannot be reduced by flue gas treatment. 
Avoided burden – id the product of three things: amount of 
heat supplied, net energy recovery efficiencies of the 
incinerator and carbon intensity of substituted energy 
systems. 
Manfredi et 
al (2011) 
 
 
Not 
Applicable 
 Landfill 
 Incineration 
 Recycling 
 Composting   
 Used EASEWASTE database designed by DTU – the model 
is flexible, easy to modify, provides default data for 
composition, collection, transport, several treatment 
processes, upstream and downstream processes (e.g. 
electricity consumption and heat production). 
 Allows quantification of all flows 
Waste management is a complex task with many variables 
affecting the results e.g. chemical composition of the waste 
fraction, assumed energy input and substituted energy 
assumptions. 
Banar et al 
(2009) 
 
Eskisehir, 
Turkey 
 Recycling and 
sorting 
 Composting 
 Incineration  
 Landfill 
 SimaPro 7 and CML 2000 used. 
 Depletion of Abiotic Resources, GWP, HTP, AP, EP, POCD 
Data gathered from literature, database of the software 
and sub-municipalities. Data Quality Indicators used to 
select most appropriate time, geography, technology and 
representativeness. 
Comparison of scenarios – results as expected. Landfill has 
worst environmental impact and recycling reduces the 
environmental impact. 
Cherubini et 
al (2009) 
 
Roma, Italy  Landfill 
 Sorting plant 
 Incineration 
 Material Flow Analysis (MFA).  
 Gross Energy Requirements (GER). 
 Ecological footprinting methods such as Sustainable 
Process Index. 
 Study compares the methodologies. 
Use LCA as an input to decision-making, as it provides an 
overview of environmental impacts of different waste 
management. 
De Feo and 
Malvano 
(2009) 
Southern 
Italy 
 Landfill 
 Composting  
 Recycling 
 Incineration 
 Refuse derived 
fuel 
 Uses WIZARD software. 
 11 environmental impact categories. 
 12 management scenarios with 16 management phases. 
Successfully applied LCA using the WIZARD software which 
identified that: high separate collection of material leads to 
highest avoided environmental impacts, a management 
scenario based on recovery and recycling but without 
incineration would be preferable. Moreover paper recycling 
could contribute the largest avoided environmental impact for 
46% scenarios considered.  
Finally, they commented that a ‘lack of required data can 
induce and arbitrarily force the assigning of values for some 
parameters, thus having a great influence on the process’. 
Barton et al 
(2008) 
Developing 
countries 
 Landfill with and 
without gas flaring 
 Open dump 
 Composting 
 Anaerobic 
digestion 
 Carbon balance – steps to generate inventory.  
 Mass balance for the fate of carbon. 
 
Baseline conditions and prospective improvements. 
Composting over AD for simplicity and a starting point. Closed 
landfill over open dump – alleviate adverse health impacts – 
with gas flaring. 
Liamsanguan 
and 
Gheewala 
(2008) 
 
Phuket, 
Thailand 
 Landfill without 
energy recovery 
 Incineration with 
energy recovery 
 
 Energy consumption and greenhouse gas emission. 
 Includes activities that direct concern in MSW 
management and also activities that supply services to or 
interact with MSW management e.g. collection, bulking, 
end-use of energy, pollution control. 
High moisture content of waste burned (41%) meant a larger 
energy requirement for incineration – would benefit from 
biodegradable separation before treatment, this would 
however result in a decrease in the energy recovered. Also 
need to consider plastics out and in. Emissions from landfill 
dominated by methane, which could be reduced by collection 
and flaring. They have suggested that ‘results are dependent 
on MSW characterization, technology, spatial and temporal 
factors and related information’. Finally, economics play a 
significant role in the suitability of management options. 
Freed et al  
(1993)  
United 
States 
 Reduction 
 Recycling 
 Combustion 
 GHG emissions factors for lifecycle emissions. 
 Sensitivity Analysis. 
GHG emissions sensitive to factors that vary on a local basis 
and site- specific data can differ. Baseline scenarios are 
essential. Shows effect of moving on ton of waste from 
management.  
2
7 
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From this, they created a carbon dioxide equivalent (CO2e), (as a proxy for environmental 
emissions) which was then used to determine whether or not there were still benefits, in terms of a 
reduction in of CO2e, when sending waste abroad to be reprocessed. Their results indicate that 
carbon savings can be made when recycled materials are exported. In the context of local authority 
decision-making, LCA or EEIO, using carbon footprinting maybe a more useful tool for local 
authorities as opposed to a full LCA or EEIO. This is because carbon footprinting is a simpler 
technique, quantifying one impact that can be easily understood, interpreted and presented by 
local authorities. Furthermore, this process is less data intensive and can utilise data that local 
authorities regularly collect.  
In order to provide a full picture of sustainability, economic costs and social impacts must also be 
incorporated. Clift et al (2000) highlighted that scientific and technical considerations are important 
but so too are the impacts on stakeholders. Social Lifecycle Assessment (SLCA) is one way that this 
can be carried out. SLCA is in its infancy in comparison to environmental LCA and as such, there are 
few illustrative examples. Of the literature that has been identified, Aparcana and Salhofer (2013) 
developed a SLCA to investigate the informal recycling sector in low-income countries. In their 
work, they applied a similar methodology to that of LCA discussed in Table 2.1 based on scope 
definition, identification of impact categories, indicators and inventory. The study focused on 
human impacts, working conditions and socio-economic repercussions, finding that it was possible 
to assess these in relation to informal recycling activities. However, their approach was reactive and 
considered the impacts of systems after their implementation instead of looking at the potential 
implications of new systems. For local authorities, this methodology would be useful in the 
consideration of the social implications of waste management systems. However, as was 
highlighted previously, the selection of indicators is very important and elements such as 
regulation, public perceptions, and quality of life should be included. For a local authority, it would 
seem that social impacts, like that of environmental and economic, need to be specific to the 
demographics of the population, the geographic location of the local authority, as well as 
considering spatial and temporal changes on society. 
An earlier study by Renn (2003) conducted a SLCA of ‘waste to energy’ utilisation systems through 
consultation with stakeholders. In their work, Renn (2003) developed assessment criteria through 
meetings with industry experts, unions, operators of small-scale energy production facilities, 
scientists, philosophers, and environmentalists. Unlike work by Aparcana and Salhofer (2013), Renn 
(2003) compared a range of scenarios that had not yet been implemented, through the application 
of Multi-Utility Attribute Theory (MAUT). MAUT is a methodology used for assessing multiple 
criteria; Renn (2003) asked stakeholders to assess (and score) economic and environmental criteria, 
as well as social criteria. This is a significantly different methodology compared to a SLCA. For local 
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authorities, this social assessment could be useful, as it considers a wider range of criteria. It could 
also be used to engage different parts of the supply chain, which would be particularly useful if local 
authorities wish to utilise waste as a resource. A drawback of this work is that it does not consider 
lifecycle social impacts, only the final outcome. In doing so, this may hide elements of the system, 
which could prove significantly unpopular to society.  
Finally, methodologies for assessing economic impacts of waste management systems can come in 
many forms, as identified in Table 2.1. Examples of this include work by Martinez-Sanchez et al 
(2014), who applied Lifecycle Costing (LCC) to assess solid waste management. Their approach 
allowed calculation of economic, social, and environmental aspects of waste management. Whilst, 
Eriksson et al (2005) applied LCC as part of an economic and environmental assessment of a range 
of waste management scenarios, to understand the implications of reducing the amount of waste 
sent to landfill. The technique successfully identified the areas of the system which had conflicting 
costs, for example ‘composting of biodegradable waste is comparable to anaerobic digestion from a 
welfare economic point of view, but gives higher energy use and environmental impact’, thus 
illustrating the relative trade-offs of different technologies can be useful in helping local authorities 
understand the options available to them. 
For a local authority decision-making techniques similar to that used in Murphy and McKeogh 
(2004) may be more appropriate, as they combined environmental and economic criteria in order 
to identify the most suitable technology to generate energy from household waste. The 
methodology was employed to calculate the costs including: capital expenditure, operational 
expenditure, gate fee, market prices and any applicable fuel tax. This provided a user-friendly (Song 
et al, 2013), evidence-based, comparative costing method that would be suitable to enable local 
authority decision-makers to make informed choices. Further, to understand the environmental 
impacts of the chosen technologies Murphy and McKeogh (2004) compared the carbon dioxide per 
kilowatt-hour equivalent of each technology, the GHG production from biogas and the GHG savings 
from displacing fossil fuel. The authors found it difficult to collect data to model the different 
technologies, particularly regarding the material inputs used to calculate the energy values of the 
technologies. As a result, the methodology was effective in producing an approximated value of the 
tonnes of CO2e for each of the technologies (during the conversion phase), thus supporting 
evidenced-based decisions. Importantly, what Murphy and McKeogh (2004) have shown is that 
although data is difficult to obtain, what is available can still be used to provide information that 
enables comparison of technologies to be made. The work also highlighted the importance of the 
LCT approach, particularly in relation to the costing exercise, whereby they showed that 
understanding the market conditions for the sale of the energy produced was just as important as 
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understanding the capital and operational costs. However, the study did not consider the complete 
waste management system, nor did it consider all aspect of sustainability, as outlined here.  
Therefore, however useful these methods are individually, it is clear that for management options 
to be sustainable the utilisation of all data available for social, economic and environmental impacts 
(positive or negative) must be considered by local authority decision-makers (Kiker et al, 2005). This 
is further emphasised by Morrissey and Browne, (2004), who have stated that for a ‘waste 
management system to be sustainable, it needs to be environmentally effective, economically 
affordable and socially acceptable’. In addition, Petts (2000) has said that to ensure the 
management option selected is the most sustainable, local data must be used. It is also appreciated 
that there are frequent difficulties when trying to aggregate results and consequently decisions are 
often made subjectively.  
2.3.6 Decision-Making Frameworks 
It is apparent that for local authorities the methodologies outlined above, although useful 
individually, may benefit from a framework that allows them to be combined in order to provide a 
holistic assessment. It is important to note, that decision-making processes and tools are only as 
good as the subsequent interpretation of the results they produce. This is because interpretations 
can be swayed by personal viewpoints, wider understanding of sustainability and wider belief 
systems (Burström and Korhonen, 2001; Ness et al, 2007). Therefore, a decision-making framework 
(DMF), which allows the three pillars of sustainability to be considered simultaneously, have the 
potential to provide local authorities with the means to assess a variety of options to ensure that a 
final decision is a balance of social, environmental and economic factors (Seadon, 2006; Greenfield, 
2012).   
Work by Quinlan (1990) discussed the usefulness of decision-making trees, as a form of framework, 
suggesting that they can allow decision-makers to 1) easily understand how the decisions were 
formulated, 2) scrutinise the decision and 3) enables the decision to be sensitive to their context. 
Moreover, DMFs can specifically:  
 provide a structure to the decision-making process; 
 logically generate an evidence-base;  
 produce transparent decision-making that can be monitored against the goal of the work,  
as well as, 
 being flexible to the objective to be satisfied. 
A small body of literature has considered DMFs as a way to integrate the various concepts of 
sustainability these are summarised in Table 2.3. Work by Manap and Voulvoulis (2014) was 
  31 
identified (Table 2.3) as the most useful DMF. They successfully applied a risk-based DMF to the 
selection of sediment dredging options, combining environmental, socio-economic, and 
management criteria to prioritise areas for dredging. In their work, they included a broad range of 
criteria (technology, economy and environment) and sub-criteria (for example, fuel consumption, 
sailing speed, total fuel price), which were both qualitative and quantitative in nature. The use of 
both quantitative and qualitative data is an important area for sustainable decision-making as some 
criteria, particularly social benefits (and dis-benefits) are difficult to quantify.  
Table 2.3 – Summary of some decision-making frameworks used in the current literature. 
Author Description Methods 
Manap and 
Voulvoulis, 
2014 
Risk-based 
decision-making 
framework to aid 
the selection of 
sediment dredging 
options 
This framework starts by outlining the ‘goal’ to be achieved. (In this instance it is to 
prioritise dredging areas that requires high level of environmental protection) It uses a 
multi-criteria decision analysis of environmental, socio-economic and management 
factors, which are ranked to make decide on a priority area of river to drain. The authors 
also showed how this could be combined with an ecological risk analysis goal to further 
aid the decision-making.  
Khalili and 
Duecker, 
2013 
Sustainable 
environmental 
management 
system framework. 
This work is based on the principles of conventional environmental management 
systems, with the addition of a multi-criteria decision analysis using the ELECRE III 
software. Performance criteria are based on economic costs to company, mass of weight 
diverted from disposal and potential job creation. The method is used to compare 
alternative options, which is able to include stakeholder values as well as a range of 
sustainability criteria. 
Dursun et al, 
2011 
Decision-making 
framework using 
fuzzy multi-criteria 
group decision-
making. 
This work uses a fuzzy MCDM approach, based on the principles of approximation, or 
degrees of truth rather than exact true or false. Economic, environmental, technical and 
social criteria were decided based on expert discussions and literature reviews 
 A 10 step method algorithm is used to compute values of alternatives where are then 
ranked in descending order. The case study is applied to alternative healthcare waste 
disposal options in Istanbul. 
Liao and 
Chin, 2011 
Mathematical 
based hierarchical 
framework, 
incorporating 
interpretive 
structural 
modelling. 
The authors developed a generalised hierarchical framework, which can be easily applied 
to any integrated solid waste management system. As with the other studies several 
criteria are developed including human development, natural resources and ecosystems, 
economic and social. These criteria are used in interpretive structural modelling. 
Subsequently these methods are combined to form a four stage framework which 
identifies the relationship of dependence and driving power of the criteria, presented as 
a four quadrat grid, to visually identify the strengths and weakness of the management 
options. The work is illustrated using a case study of Taipei city, Taiwan. 
Iakovou et 
al, 2009 
Decision 
framework for the 
end of life 
management of 
electronic 
products. 
This work develops a ‘Multi-Criteria Matrix’ to understand which elements of an end of 
life product are of most value. This works by first ranking 5 elements of the end of life 
product. These elements are then weighted to given an overall multi-criteria score.  
Kijak and 
Moy, 2004 
Decision support 
framework, used 
to evaluate a 
variety of 
integrated solid 
waste 
management, 
within a local 
government area. 
This work brings together a range of tools, including a streamlined lifecycle analysis, 
adapted to assess regional as well as conventional global impacts. Social impacts were 
identified using a desk based study and followed up by a survey to a representative 
group of stakeholders. This information was used to rate and determine sensitivity of 
social impacts. Economic impacts were determined using the Full Cost Accounting 
method. Multi-attribute utility theory is used to rank the management options. The 
framework follows 5 steps, which are: 1) streamlined LCA, 2) supplementing 
environmental information with social and economic impacts, 3) data integration (OECD 
Pressure-State-Response model and decision analysis theory), 4) Valuation (simple multi-
attribute rating technique), 5) interpretation. Stages 3-5 use Criterium Decision Plus 3.0 
software. The framework is applied to choose a suitable management option for organic 
waste from households. 
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Moreover, a range of different stakeholders could employ this method, including governments, 
private companies, and environmental consultancies. Thus, such a framework, if employed by local 
authorities, could help them to balance more fairly sustainability criteria, as opposed to favouring 
economics. It could also provide them with the tools to ensure transparent communication with 
stakeholders, which have historically been a contentious area between local authorities and the 
public.  
On the other hand, a study by Liao and Chiu (2011) used a mathematical based hierarchical 
framework, incorporating interpretive structural modelling7 (ISM) and dependence driving power 
analysis8, to evaluate MSW management problems. This methodology also incorporated a range of 
criteria, including human development, natural resources and ecosystem, economic and social. The 
criteria were used in order to allow the decision-makers (in this case the managers of waste 
management) to understand how best to allocate their resources. A limiting factor of this 
methodology is that it is unlikely that local authority waste managers would have the time, or 
expert capability, to employ such a method; it is therefore likely that an external consultant would 
be required to carry out the work on their behalf. 
2.4 Summary 
Marshall and Farahbakhsh (2013) highlighted that much of the work into decision-making 
techniques for waste management rarely look at the system as a whole and instead focus on a 
single waste streams or a single technology. They have suggested that failure to address the 
breadth of issues involved in waste management can, whilst solving one problem, generate 
problems elsewhere. What is actually required is the application of Lifecycle Thinking to waste 
management problems in order to balance the three pillars of sustainability: environmental 
effectiveness, social acceptability and economic affordability (Chung and Lo, 2003; Heijungs et al, 
2010; Marshall and Farahbakhsh, 2013). This is supported by Kates et al (2001) who suggest that 
the purpose of a sustainability assessment should be to; ‘provide decision-makers with an 
evaluation of global to local integrated nature-society systems, in short and long term 
perspectives…[to assist them in determining] which actions should, or should not be taken in an 
attempt to make society sustainable’, for which the waste management system has previously been 
lacking.  
Furthermore, current studies have been concerned with reactionary methodologies for assessing 
the sustainability of waste management options rather than assessing them prior to 
implementation (Liamsanguan and Gheewala, 2008). From the decision methodologies explored, it 
                                                        
7 a technique based on discrete mathematics, graph theory, social sciences, group decision-making and computer assistance. 
8 used to draw meaningful interpretations of the ISM. 
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is clear that a proactive consideration of the inputs to the system, such as the waste itself (in 
particular the impact its composition could have on the decision-making process) is of great 
importance. This is because the concept of ‘waste as a resource’ continues to gain momentum, 
representing not only an economic opportunity, but also a social and environmental opportunity.   
Based on this literature review there appears to be a need to build on and combine Lifecycle 
Thinking (LCT) techniques with the decision-making aids identified, particularly from the perspective 
of local authorities in relation to the materials available in the waste stream. Material availability 
within the waste stream is of particular importance as it will determine what treatment methods 
can be used, what the environmental impacts will be, how much the infrastructure may cost and 
how much value can be achieved (Defra, 2011b).  
Subsequently, to our knowledge, there is currently no framework attempting to understand the 
entire ‘Waste Supply Chain’, both in relation to the changing role of local authorities, as well as the 
utilisation of waste as a resource. Consequently, a framework applying LCT from a systems 
perspective would be beneficial. This should include accounting for economic, environmental, 
social, political, cultural and managerial aspects collectively, as well as including uncertainty and risk 
(Subramanian et al, 2010; Pires et al, 2011; Karmperis et al, 2012). At the local authority level, this 
will ideally form a holistic framework that allows for consistency and greater objectivity. It will be 
flexible to local changes and based on ‘Waste Supply Chain’ interaction, with the purpose of 
understanding the interrelationships between stakeholders, as well as identifying sustainable value 
adding opportunities available to local authorities, in order to help close the material loop resource 
(Pires et al, 2011; Antonopoulos et al, 2014). Furthermore, Snowden and Boone (2007) have noted 
that ‘complicated contexts, unlike simple ones, may contain multiple right answers’. Therefore, it is 
important that any framework provides a suite of management options that enable local authorities 
to make appropriate decisions according to local factors. Consequently, this project has focussed on 
the design and testing of a decision-making framework, through the application of LCT, which 
allows local authorities to make well informed and timely decisions when ‘facts are uncertain, 
values in dispute, [and] stakes high’ (Elghali et al, 2008). The following chapter outlines the 
methodology developed as a consequence of this literature review and presents the case study area 
used to test the work.
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Chapter 3 - Methodological Overview  
 
3.1 Introduction 
The previous chapter identified the complexity of waste management and sustainability, exploring 
the key parameters that drive this industry and in particular the role of legislation. In order to 
manage the complex interactions that can arise from competing drivers, Chapter 2 identified 
decision-making techniques as possible tools to support and enable local authorities to make 
sustainable decisions for waste management. However, it became apparent that a methodology to 
support evidence-based decisions that adequately address the key issues of sustainability was 
unavailable.  
Traditionally, a thesis examines a particular research question, sometimes using a number of 
different techniques to look at one issue. However, in this work the single issue under consideration 
is a decision-making framework, LAOMMaF, the Local Authority Optimal Material Management 
Framework. LAOMMaF sits within the context of local authorities as waste management 
stakeholders and is driven by the varying degrees of knowledge they possess, specifically in relation 
to sustainability. The framework includes a number of decision-making steps, each requiring a 
specific set of tools to support it. As a result, subsequent chapters include dedicated methodology 
sections (Chapters 4 to 8). However, there is significant ‘background’ knowledge and assumptions, 
which underpin the current work. Consequently, this chapter outlines those aspects, providing an 
overview of LAOMMaF and presenting Surrey as the case study area. 
3.2 Local Authorities 
3.2.1 Local Authorities as Waste Management Stakeholders 
In Section 2.2.4 of the literature review, local authorities were discussed. As will be recalled, local 
authorities are responsible for the collection and disposal of household waste from all households in 
their geographic area. The waste management system was also presented as a complex system 
operating between a variety of different industry sectors. What is considered here is the traditional 
‘Waste Supply Chain’ and a new vision for the future role of local authorities within this system. 
The conventional household ‘Waste Supply Chain’ is a linear process (Schulte, 2013) bounded by 
geography, Figure 3.1(a). Raw materials are converted into products supplied to the retail industry, 
and consumed by the public. The public then, in due course, dispose of that product (and associated 
packaging) as waste (this ignores the waste generated during manufacture, as this does not 
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Figure 3.1(a) – Traditional roles assumed in the household ‘Waste Supply Chain’. The red box indicates the section of the supply chain usually managed by local authorities. 
 
 
 
Figure 3.1(b) – Ways in which local authorities wish to work within the ‘Waste Supply Chain’. The blue box highlights the areas in which local authorities wish to influence and the red box indicates areas in 
which local authorities wish to operate in directly. 
3
5 
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ordinarily fall into the household waste category). Traditionally each of these steps are 
independent of each other, although this can be further complicated by inconsistent 
interpretations of waste legislation across geographical boundaries (Wilson et al, 2001). 
However, with the economic downturn of the past 5 years and the increasing importance 
placed on resource security (both nationally and locally) (Cole et al, 2014), it is essential, 
from a system perspective, for those in the supply chain to work together in order to reduce 
the burden of waste (Perella and Baldock, 2013). 
In order for local authorities to utilise their waste as a resource and extract ‘value’ there is a 
need for them to engage more effectively in the supply chain, with the aim of creating 
system synergies that secure and improve the value and management of the resources 
within it (Wilson et al, 2001; Hicks et al, 2004). This requires local authorities to both 
influence upstream sectors and operate within downstream sectors, Figure 3.1b. This is 
because it is the designers, manufactures, and retailers operating upstream who are 
responsible for the primary production of the materials that end up as local authority waste. 
A better understanding of what these materials are and the forms in which they appear in 
the waste stream, will help inform local authorities of the most appropriate collection, 
recycling and prevention activities which they could implement. 
Local authorities may also wish to operate outside of their conventional logistical role to 
include reprocessing. Generally, local authorities pay a sum of money (per tonne) for 
commercial reprocessors to take their ‘waste’ from them. These third parties are then free 
to make a profit from the sorting, cleaning, and reprocessing of that material (WRAP, 
2014c). By (participating in) owning and operating facilities, local authorities can directly 
supply secondary material markets (where they exist), save the taxpayer money and 
potentially secure funding for other activities. If local communities directly see the benefits, 
of such activities this could also improve the capture of further materials. This begs the 
question: ‘How can this be achieved?’ 
3.2.2 Local Authority Knowledge 
As noted in Chapter 2, decision-making for local authorities is a difficult task due to the lack 
of clarity on waste data, both for material quantities and treatment options for waste 
management. Local authorities deal with a wide spectrum of waste streams about which 
they have a varying degree of knowledge, Figure 3.2. The issues of concern are: (1) the 
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quantity of each specific waste stream that arises, and (2) the best management options 
available. Hence, it is possible to identify four sectors of interest:  
A – current practice, where material quantities are known and the current management 
options are understood;  
B – materials where the quantity is known, but the optimum waste management option 
is unknown;  
C – materials where the optimum management option has been identified, but the 
precise quantities of material are unknown; and  
D – unknown materials that are ‘hidden’ in the waste composition due to inadequate or 
incomplete data and for which management options are unknown.  
This range of ‘Knowns and Unknowns’ (Rumsfeld, 2002) can make it difficult for local 
authorities to consistently and transparently make evidence-based decisions. As indicated 
previously there are at present no tools available to local authorities to help them manage 
decisions based on what they currently know and do not know. Therefore, understanding 
the limits to local authority knowledge (Figure 3.2) can help to identify opportunities to 
improve decision-making that adequately addresses the key issues of sustainability (social, 
economic and environmental). 
 
Figure 3.2 – Local authority knowledge of specific materials waste streams and their management.  
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The systematic evaluation of waste management systems and their alternatives, which 
ensure that resources are utilised in the most appropriate (environmentally, economically 
and socially beneficial) way is necessary if local authorities wish to become effectively 
involved in shaping the supply chain (Herva and Roca, 2013). Section 3.3 describes the 
decision-making framework (DMF) that seeks to assist local authority decision-making in the 
light of the unknown and known ‘risks’ and ‘opportunities’. 
3.3 A Decision-Making Framework: LAOMMaF 
Section 3.2 has introduced the concept of local authority decision-making from which it is 
evident that local authority waste managers deal with a range of known (both complete and 
incomplete) and unknown information when it comes to waste type, management 
opportunities and sustainability. Therefore, this section outlines a methodology to support 
local authorities in identifying the best sustainable waste management solution, which can 
be applied to solve any of the issues identified in the four sectors of Figure 3.2.  
The methodology for the Local Authority Optimal Materials Management Framework 
(LAOMMaF), Figure 3.3, identifies areas that must be addressed before decision-making can 
take place. Specifically this relates to understanding the current system and identifying a 
baseline, as a basis for comparison to the alternative options. The framework presented 
enables local authorities to consider economic costs, as well as environmental and social 
impacts (both positive and negative), in order to make holistic and balanced decisions which 
address and seek to satisfy all sustainability criteria. This is in contrast to a conventional 
decision-making approach, based on least cost solutions. The framework has been designed 
such that compliance at each stage can be monitored. Furthermore, the decision-making 
framework allows authorities to consider the impact of decisions on stakeholders as part of 
the social acceptability assessment and thus can encourage meaningful communication 
between the stakeholders. 
The framework, LAOMMaF (Figure 3.3) has been designed with the needs of local 
authorities at the fore; however any stakeholder who is required to make informed, 
evidence-based decisions (e.g. contractors, waste collectors and consultancies) may find this 
methodology of use. It is also useful for the public, as a way to understand why decisions 
have been made and identify where their opinions have been considered. 
 
  39 
 
Figure 3.3 – Initial structure of Local Authority Optimal Materials Management Framework (LAOMMaF). 
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External drivers, influencing the direction of waste management were explored in Chapter 2, 
Section 2.2.3 and included factors such as economic, political, socio-cultural, environmental, 
technological, operational and legislative. Changes in these drivers can cause local 
authorities to re-evaluate the waste management services offered and to explore alternative 
options which may, for example enable them to; reduce their environmental impacts, 
increase value obtained from waste streams, satisfy a change of office and/or ensure 
compliance with new legislation. With so many drivers influencing local authorities it is 
essential for them to follow a decision-making structure, which allows them to formulate a 
considered evidence-base that is fair (decisions are made in a consistent way), transparent 
(reasoning can be easily understood) and defendable to the many stakeholders affected. 
Once the external drive has been acknowledged, LAOMMaF can be used.  
The first step of LAOMMaF is to ‘identify complex waste streams’. This is important, as the 
driver considered will not always affect all material streams. Further, the second step is to 
‘establish the quantities of the material streams available’ now and in the future. This is to 
enable the decision-maker to understand the quantities of waste they are dealing with and 
also to identify waste streams whose management is not directly prescribed by the 
legislation. For example, easily reprocessed materials including card, paper, glass, metals 
and plastics must be collected separately from the other (residual) waste streams under the 
Waste Framework Directive (EC, 2008). However, materials including absorbent hygiene 
products and wood have no prescribed management route and so are, conventionally, 
missed as a ‘key’ material streams to manage.  
The third step is to ‘establish the current management scenario costs’, whereby the baseline 
environmental, economic, social (where available) impacts of the system are identified. This 
step requires the decision-maker to gather all the relevant information they have for the 
current system, which should include information regarding the advantages and 
disadvantages (social, environmental and economic). This scoping exercise aids the decision-
maker in the fourth step which is to decide whether these ‘costs are significant to the local 
authority’. This is a subjective decision, whereby the decision-maker must consider whether 
a change from current practice could produce any advantage, in light of the external driver 
instigating the change from current practice. If the local authority decision-maker decides 
that such impacts are significant then the fifth step is to explore if ‘alternative management 
options are available’. It is suggested that this would be through a structured literature 
review, both academic and industrially focused, followed by a Strengths Weakness 
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Opportunities and Threats (SWOT) analysis of the available alternative options (if 
appropriate). The purpose of the SWOT analysis is to provide an initial assessment of the 
various management options. It is assumed here that not all options identified would be 
suitable for further study, for example an alternative may not be commercially viable, the 
technology may be unproven to contribute to recycling rates or other options provide a 
greater return such as increase employment. Further, it can be time consuming, as well as 
expensive (in terms of local authority officer time) to conduct a detailed analysis of all 
options. If no alternatives are identified, then the authority should continue with ‘Business 
As Usual’ (BAU) and conduct further technical research. 
The sixth step in the framework is another decision point, whereby the decision-maker must 
decide if (from the SWOT analysis) alternative management options are appropriate to 
satisfy the objective. If not, then the authority should continue with BAU however, if the 
alternatives are deemed appropriate, the decision-maker should progress to step six. The 
seventh step is the ‘evidenced-based quantification of alternative management options as 
compared to the baseline’ for the alternative options identified from the SWOT analysis. The 
purpose of this is to understand the economic costs, environmental and social impacts of 
the alternative waste management options as compared to the baseline (which is the BAU 
scenario). The eighth step is a final, subjective, decision point to assess if a new 
management option would provide additional benefits as compared to the current system, 
or provide a reduction in current negative impacts.  
The decision-making framework, LAOMMaF, presented herein has been specifically applied 
to the case study of Surrey County Council (SCC) and the 11 district and borough councils, 
which form the Surrey Waste Partnership (SWP). Subsequently, LAOMMaF is tested using a 
variety of case studies from the area. The purpose of this was to aid local authority (waste) 
decision-makers, through a structured DMF to rationally generate sustainable decisions.  
3.4 Surrey as a Case Study 
This section presents Surrey as the case study area for this thesis. The county is of particular 
interest as it is currently seeking to reduce expenditure on waste management, as well as 
exploring opportunities to access value (social, environmental and economic) from the 
materials currently being disposed of within the household waste stream. This section 
includes an overview of the main data sets to be used in this work and the local authorities 
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to be covered within the study. However, each subsequent chapter provides further details 
of data acquired to satisfy the specific methodology and associated objectives. 
3.4.1 Geography and Demographics  
Surrey is a county in Southeast England, located south of London, bordered by Sussex, Kent, 
Berkshire, and Hampshire (Figure 3.4). The county covers an area of 167,000 hectares and 
has a population estimated to be 1.1 million in 2011, equating to approximately 456,000 
households (Surreyi, 2012). Surrey has approximately 688 people per m2, substantially lower 
than that of neighbouring London (5,285 people /m2) (ONS, 2012b). Furthermore, the 
average disposable income in Surrey (2010) was estimated to be £21,500 and is higher than 
both that of the UK (£15,700) and London (£20,000) (ONS, 2012b). The demography of the 
county is 19.3% 0 to 15 year olds, 63.4% 16 to 64 year olds, and 17.3% over 65 year olds 
(ONS, 2012a; Surreyi, 2012). Further, in 2012 the employment rate in Surrey was 78%, which 
is 8% higher than the national average (ONS, 2012b). 
As will be recalled from Section 2.2.4 local authorities are responsible for the delivery of a 
range of different services for local communities, with waste being one. In Surrey a two-tier 
structure is operated. There is the County Council, Surrey, which is split into six directorates 
each in charge of a particular activity. These are:  
 Customers and communities 
 Children 
 Schools and families 
 Adult social care 
 Business services 
 Chief executive’s office 
 Environment and infrastructure 
Waste services are part of the environment and infrastructure directorate. At the county 
level, waste services manage the minimisation, recycling and disposal of waste. Within 
Surrey the county council are also responsible for the disposal of waste, i.e. they are the 
Waste Disposal Authority (WDA) meaning after the waste is collected by the district and 
borough councils, they are responsible for residual waste9 disposal.  
                                                        
9 Residual waste is waste that remains after the recyclable component has been removed; it is often comprised of materials 
that currently have no alternate management option. It is often referred to as ‘black bag’ waste. 
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Figure 3.4 – Map of Surrey showing the 11 districts and boroughs. 
SCC is also responsible for the operation of 15 Community Recycling Centres (CRC). These 
facilities also offer householders services for the recycling and disposal of household waste. 
There are 11 district and borough councils (Figure 3.4) who are the Waste Collection 
Authorities (WCA) for Surrey; they are responsible for both residual waste collection as well 
as recycling collection. WCAs are also responsible for the financial arrangements for the 
recyclate material with the onward reprocessors. This structure makes the county an 
interesting place to develop a coherent and flexible waste strategy that meets the varying 
needs of stakeholders, whilst reducing the environmental burden of managing waste. 
3.4.2 Surrey’s Waste Profile (2011 to 2012) 
This section presents the aggregated data for the whole of Surrey, including both that 
managed by the WDA and the WCAs. Table 3.1 shows a composition analysis of all kerbside 
collected materials in Surrey, for the period April 1st 2010 to March 31st 2011. The absolute 
weight of kerbside waste was 380,000 tonnes, 180,000 tonnes of which was recycled, giving 
an average kerbside recycling rate of 47%. The composition was 26% paper and card, 21% 
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food, 14% garden, 10% glass, 9% plastics, 9% ‘other’10, 5% combustibles, 3% metals, 2% 
textiles, 1% waste electronic and electrical equipment and <1% hazardous waste. 
Table 3.2 shows the CRC waste composition from 1st April 2010 to 1st March 2011 (SCC, 
2012). The total waste collected at the CRC’s was 135,000 tonnes, of which 68% was 
recycled.  
Table 3.1 – Kerbside waste composition statistics, Surrey April 2010 to March 2011 (SCC, 2012). 
Material 
Composition 
(%) 
Total Material 
Available (t) 
Recycled 
Material (t) 
Residual 
Material (t) 
Recycling 
Rate (%) 
Paper & Card 26  98,185   75,054   23,131  76 
Plastics 9  35,444   6,606   28,838  19 
Metals 3  12,352   5,167   7,185  42 
Glass 10  38,285   30,039   8,245  78 
Misc-Combustible  5  19,314   48   19,267  0 
Textiles 2  8,186   1,752   6,434  21 
Garden Waste 14  53,940   39,208   14,732  73 
Food Waste 21  78,182   20,898   57,284  27 
Collectable 
Hazardous 
<1  424   2   423  0 
Waste Electronic 
and Electrical 
Equipment 
1  2,471   230   2,240  9 
Other Hazardous <1  1,120   0    1,120  0 
Other Waste 8  31,792   0     31,792  0 
Total 100  379,693   179,002   200,691  47 
 
Table 3.2 – CRC waste composition statistics, Surrey April 2010 to March 2011 (SCC, 2012). 
Material 
Composition 
(%) 
Total Material 
Available (t) 
Recycled 
Material (t) 
Residual 
Material (t) 
Recycling Rate 
(%) 
Household Black 
Bags
*
 
11 14,390 0 14,390 0 
Paper & Card 5 6,500 6,177 324 95 
Plastic Film <1 243 0 243 0 
Dense Plastic 1 701 216 486 31 
Textiles 4 4,869 2,670 2,198 55 
Misc. 
Combustible 
16 21,308 1,821 19,488 9 
Misc. Non-
Combustible 
10 12,839 8,847 3,992 69 
Glass 3 3,372 2,468 904 73 
Ferrous Metal 4 5,772 5,772 0 100 
Non-Ferrous 
Metal 
<1 566 566 0 100 
Garden  31 41,632 41,268 364 99 
Fines <1 189 0 189 0 
WEEE 15 20,459 20,445 13 100 
Hazardous 1 1,956 796 1,160 41 
Total 100 134,796 91,046 43,750 68 
*Household black bag waste is comprised of unsorted household waste. 
The overall CRC composition was 31% putrescible11, 16% miscellaneous-combustibles, 15% 
waste electronic and electrical equipment, 11% household black bag waste, 10% 
                                                        
10 The ‘other’ waste category includes fines, sweepings, animal waste, pet bedding and all other materials, which have not been 
previously defined. 
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miscellaneous non-combustible, 5% paper and card, 4% textiles, 4% ferrous metals, 2% 
glass, 1% dense plastic, 1% hazardous and <1% fines, <1% non-ferrous and <1% plastic film.  
The total household waste recorded in Surrey for 2010 to 2011 was 514,000 tonnes, with 
the CRCs accounting for 26% of the waste and kerbside collections accounting for 64% of the 
waste. The overall recycling rate was 47%; as a result, 275,000 tonnes were collected for 
residual treatment. The management of the residual waste during the same period (2010 to 
2011) was 32% landfill, 19% incineration, and 2% other, which includes reuse and refuse 
derived fuel. 
3.4.3 District and Borough Waste Profiles (2011 to 2012) 
As will be recalled from Figure 3.4, Surrey is split into 11 districts and boroughs which are: 
Tandridge, Spelthorne, Epsom and Ewell, Runnymede, Guildford, Elmbridge, Surrey Heath, 
Mole Valle, Reigate and Banstead, Woking and Waverley.  
Table 3.3(a) – Districts and borough waste and population characteristics (2010 to 2011). 
District / 
Borough 
Population 
Number of 
Households 
Rurality 
Index (1-6) 
Total 
Waste (t) 
Recycling 
Rate (%) 
Waste per 
Household 
(kg/person/yr) 
Elmbridge 131,400 52,922 4 49,729 51 440 
Epsom and 
Ewell 
75,200 29,784 4 27,507 47 483 
Guildford 137,600 53,973 4 45,334 52 391 
Mole Valley 85,600 35,828 6 32,072 55 390 
Reigate and 
Banstead 
138,400 55,423 4 45,070 33 525 
Runnymede 80,500 32,714 4 26,301 29 546 
Spelthorne 95,900 39,512 2 32,731 37 508 
Surrey Heath 86,400 33,546 4 27,744 65 281 
Tandridge 83,200 33,342 6 28,084 33 537 
Waverley 121,800 49,280 6 36,954 38 449 
Woking 99,500 39,467 4 34,137 54 388 
 
Each district is different in terms of their demographics and waste generation. For example, 
Reigate and Banstead has a population of 138,000, whilst Epsom and Ewell has a population 
of almost half that at 75,000.  
Tables 3.3a and 3.3b provide information on the districts demographics, collection systems 
waste generation, and documents their ruralities. Rurality is an index of different rural areas 
based on: proximity and relationship with urban areas, degree of urbanisation and principal 
economic activity as defined by WRAP and Resource Futures (WRAP, 2015a). In the case of 
this study, a rurality of 2 means the districts is predominantly urban with low deprivation. A 
                                                                                                                                                              
11 Putrescible waste refers to ‘solid waste that contains organic matter capable of being decomposed by microorganisms’ (Zero 
Resource, 2011).   
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rurality of 4 means the districts is a mixed ratio of urban to rural areas with low deprivation 
and finally a rurality of 6 means the district is predominantly rural with low deprivation. 
Table 3.3(b) – Districts and borough collection system characteristics (2010 to 2011). 
District / 
Borough 
Food Waste Garden Recyclables Residual 
Elmbridge Weekly Fortnightly Commingled Fortnightly  Fortnightly 
Epsom and 
Ewell 
Weekly Fortnightly Source-segregated newspapers and 
pamphlets, glass and steel cans – 
Fortnightly 
Commingled paper and card, plastics and 
aluminum cans - Fortnightly 
Fortni htly 
Guildford Weekly Fortnightly Commingled Fortnightly  Fortnightly 
Mole Valley Weekly Fortnightly Commingled Fortnightly  Fortnightly 
Reigate and 
Banstead 
Weekly Fortnightly Source-Segregated Paper - Fortnightly 
Commingled metals, glass and plastics - 
Fortnightly  
Fortnightly 
Runnymede Weekly Fortnightly Commingled Fortnightly  Fortnightly 
Spelthorne Weekly  Fortnightly Commingled Fortnightly  Fortnightly 
Surrey Heath Weekly Fortnightly Commingled Fortnightly  Fortnightly 
Tandridge Weekly Fortnightly Commingled Fortnightly  Fortnightly 
Waverley Weekly Fortnightly Commingled Fortnightly  Fortnightly 
Woking Weekly Fortnightly Commingled Fortnightly  Fortnightly 
 
3.5 Summary  
Understanding that local authorities have varying degrees of knowledge with regards to 
waste management issues based on the principles of ‘Knowns and Unknowns’ has shown 
there is a need for a flexible decision-making tool required in order to fairly asses these 
different problems. This chapter presented the LAOMMaF decision-making framework, as a 
means to support sustainable decision-making in relation to these different levels of 
knowledge, particularly in the context of constantly changing external factors (including 
legislation, technology, and political preference). The data provided in the chapter presents 
the baseline assumptions, which are used in the subsequent chapters, in the application of 
LAOMMaF. Chapter 4 applies LAOMMaF to the case study of absorbent hygiene products, a 
management issue of ‘Known and Unknowns’. 
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Chapter 4 - Known Unknowns: A Case Study of Absorbent 
Hygiene Products 
 
4.1 Introduction  
Local authority knowledge varies across the spectrum of waste they manage (Chapter 3). For 
example some items in the residual resource stream arising from the handling of domestic 
household waste are a complex set of materials and as a consequence their management is 
problematic (Espinosa-Valdemar, 2014). Such complex materials include Absorbent Hygiene 
Products (AHPs), mattresses, wood and white goods. As the more easily recovered materials 
are removed from the residual waste stream, such complex materials will constitute an ever-
larger proportion of what remains.  
AHP is also an important fraction of household waste, as it falls into the ‘putrid’ 
classification. In recent years the UK has seen a move towards alternate weekly collection of 
recycling and residual waste (HoC, 2007). This approach is unpopular with some households, 
usually in relation to being left with ‘putrid’ residual waste for up to two weeks (WRAP, 
2010). As a result, most local authorities collect putrescible waste, such as food, separately 
on a weekly basis. Consequently, AHPs are now one of the largest fractions of the remaining 
‘putrid’ component. 
In this chapter a case study is presented which applies the decision-making framework 
developed in Chapter 3 to AHPs. The purpose of this is to test LAOMMaF, through 
application to a ‘real-life’ waste management problem, where the treatment technologies 
are known but the material quantities are not. The chapter steps through the stages of the 
framework, showing how it can be used to generate an evidence-base, as well as outlining 
the decisions local authority waste managers must make in order to identify optimal 
management scenario(s).  
The decision to focus on the AHP fraction of the resource stream was taken because in 2012 
a fund was set up by the UK Government to support the introduction, continuation or 
reinstatement of weekly collection services (DCLG, 2012). It was thought that a return to 
weekly residual collection could threaten current work in Surrey with regards to recycling. 
Consequently, this required investigation into the suitability and sustainability of the weekly 
collection of AHPs, only. Given that sustainability is a property of the system not the 
material (Mitchell et al, 2004) the decision-making framework developed considers 
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environmental, social and financial factors in parallel. It is anticipated that the methodology 
presented here may be used in other contexts, with the process being transferable and the 
questions posed re-framed in the light of a particular material or resource within the waste 
stream.  
4.2 Quantifying Complex Waste Streams  
4.2.1 Context 
 A number of local authorities including the Oxford Waste Partnership (RfO, 2014) have 
begun to think of the management of waste not as a simple logistics problem (for example 
the transport of waste from the kerbside to landfill or a recycling centre), but rather as a 
complex system with multiple inputs and outputs. Such a system has many opportunities for 
intervention. Such thinking enables local authorities seeking sustainable waste management 
options to act up and down the supply chain, guided by the Waste Hierarchy. Hence, on the 
one hand, the aspiration is to prevent waste from arising in the first place, and on the other, 
it is to make better use of that which does arise. For example, waste can be prevented 
through designing out unnecessary packaging, or through highlighting of the costs of wasted 
food to households (WRAP, 2014a). The work presented here focuses on the potential 
benefits of the reuse and recycling of residual parts of the resource stream, which are 
currently sent to landfill or EfW.  
AHPs is an umbrella term for nappy, incontinence and sanitary products (EDANA, 2008; 
AHPMA, 2012; Knowaste, 2013). When disposed of, AHPs are classified as ‘offensive hygiene 
waste’ by the HSE in the UK (HSE, 2009). Offensive hygiene waste consists of products from 
a healthy population, which may be offensive in appearance and smell and as such, the 
disposal of these products requires careful management (HSE, 2009). The current work 
considers nappy and incontinence waste arising from private households only and excludes 
sanitary waste, which has not been included due to potential concerns over public health, 
which could be a potential barrier to participation. AHPs are a complex, but interesting 
product to study in relation to sustainability because they are important economically, 
(providing employment as their market share grows), socially (in terms of quality of life and 
convenience) and environmentally, given the need to use resources efficiently and reducing 
waste where possible (EDANA, 2011; Colòn et al, 2013). 
The use of disposable AHPs has been increasing in Europe, with growth in nappy sales of 2% 
from 2009 to 2011 and incontinence products of 6% over the same period (EC, 2012). These 
increases can be attributed to changing consumer needs and preferences, as well as 
demographic changes (Ng et al, 2013). Firstly, increased product use may be the result of 
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changing consumer preferences in relation to a diversification of end markets. There is now 
a greater range of products available, which has led to an enhanced quality of life for both 
old and young users (EDANA, 2008; 2011). Secondly, population increases can have a 
significant effect on this growth (Albany, 2013; Ghaswalla, 2013). Projections from the 
United Nations suggest that a mid-population growth rate could result in a world population 
of around 9 billion people by 2100. Additionally, there are issues relating to an ageing 
population. UN (2012) estimates suggest that globally there will be a 9-fold increase in the 
number of people over 60, rising from 250 million in 1950 to around 2 billion by 205012. 
Within Europe, the proportion of the population aged 65 and over increased by around 6% 
in the period 1991 to 2011. The highest increases were seen in Bulgaria (6%), Germany (5%), 
and Portugal (6%), whilst the smallest increases were seen in Ireland (0.1%), Luxembourg 
(0.5%), and Sweden (0.7%). The UK saw an increase of 0.9% (EC, 2013). Busy lifestyles may 
also explain the increased use of disposable AHPs: convenient, discrete, and easy to carry. 
Additionally, ‘Real Nappies’, the cloth reusable alternative to disposables, have not seen a 
vast uptake. Specifically, in Surrey the ‘Campaign for Real Nappies13’ has recorded, on 
average, 400 users of these products, annually, since 2011.  
As noted previously, a sustainable option must balance economic, environmental, and social 
benefits. However, in order to make an informed decision about the most appropriate 
management option it is necessary to know what is being thrown away (it terms of its 
composition) and how much of it there is, both in relative and absolute quantities. In the 
following subsections, AHPs are described in more detail together with some of the 
potential management options.  
4.2.2 Absorbent Hygiene Product Composition 
The average material composition of unused AHP waste in Europe, based on the literature is 
shown in Table 4.1 and is based on published data (Elliott, 2004; Aumônier and Collins 2005; 
Brewer, 2006; EA, 2008; EDANA, 2008; O’Brien et al, 2009; Colòn et al, 2011; EC, 2012; SCA, 
2012; Ng et al, 2013).  
It can be seen that for both AHP types (nappies and incontinence products) the composition 
is reasonably uniform: variations in composition arise from the proportions of the 
constituents rather than from differences in the materials used. Based on this analysis,  
                                                        
12 NB. the percentage increase will link to the average age at death, which typically increases with GDP and other major 
economic factors. 
13 Expectant parents receive information packs, guidance, and free samples of cloth nappies when they leave hospital. 
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Table 4.1 – Average material composition, by weight percentage, of unused nappies and incontinence products (as 
manufactured).  
Material 
Recyclable? 
Y/N 
Wt. % of 
material -
Nappies 
Wt. % of 
material -
Incontinence 
Description References 
Fluff Pulp Y 36.6% 
 
62% Made from softwoods, 
which have been 
chemically treated to 
produce long-fibre 
cellulose pulp. 
EA, 2008; EDANA, 
2008; O’Brien et al, 
2009; Colòn et al, 
2011; EC, 2012; 
SCA, 2012; Ng et al, 
2013. 
Super 
Absorbent 
Polymer 
N 30.7% 
 
12% Typically made from 
cross-linked polyacrylate 
and have the ability to 
absorb and retain large 
amounts of fluid. 
Elliott, 2004; 
Brewer, 2006; EA, 
2008; EDANA, 
2008; EC, 2012; Ng 
et al, 2013. 
Polypropylene  Y 6.2% 
 
10% An inert material that is 
resistant to most water-
based solutions and it is 
by far the largest volume 
commercial polymer 
because of its low cost 
and ability to be 
moulded. 
Brewer, 2006: EA, 
2008; EDANA, 
2008; Ashby, 2009; 
EC, 2012; Ng et al, 
2013. 
Polyethylene 
 
Y 16% 
 
10% Is very similar to 
polyethylene as described 
above because it is cheap 
and can be processed in a 
variety of different ways 
to produce a large range 
of products. It is often 
used for thermal 
underwear and 
insulation. 
Brewer, 2006; EA, 
2008; EDANA, 
2008; Ashby, 2009; 
EC, 2012; Ng et al, 
2013.  
Adhesives N 2.8% 3% Are synthetic glues, which 
keep the layers in place. 
EDANA, 2008; EC, 
2012. 
Elastics Not at 
present 
0.4% 0.4% Often made from natural 
rubber, whereby the latex 
sap of a tree is vulcanised 
by heating with sulphur 
to produce a range of 
rubbers and elastics of 
varying strength 
determined by the 
number of cross-links it 
has. 
EDANA, 2008; 
Ashby, 2009; EC, 
2012;  
Other 
Material 
N 7.3% 2.6% The material components 
are unknown, but 
suggestions are that tape 
and other synthetic 
polymers make up this 
category. 
Aumônier and 
Collins 2005; 
EDANA, 2008; EC, 
2012. 
Proportion Recyclable 58.8 82  
Non- 
Recyclable 
41.2 18 
Total  100 100 
approximately 59 wt. % of all nappies and 82 wt. % of incontinence products manufactured 
can be potentially recycled (regardless of manufacturer). The most commonly recycled 
materials are fluff pulp, polyethylene and polypropylene. 
  51 
4.2.3 Treatment of Absorbent Hygiene Products 
Disposal options for AHPs currently follow the traditional path for most residual waste; a 
split of landfill and EfW (Colòn, 2011; 2013; Ng et al, 2013). For example, in the US, 92% of 
the estimated 3.4 million tonnes of nappy waste are sent to landfill each year (National 
Geographic, 2011; Real Diaper Association, 2011; 2013). Added to this problem is the 
residency time of these products in landfill, with estimates suggesting periods of up to 500 
years (National Geographic, 2011; Tarantino, 2011). However, there are a number of 
emerging technologies, which could provide suitable alternatives to current disposal options 
at a variety of stages in the Waste Hierarchy (Defra, 2007a). A summary of these potential 
management options follows.  
The first option is a recycling technology that separates polymers from fibres through an 
autoclave sterilisation process, producing material suitable for use elsewhere (Knowaste, 
2013). A second option is In-vessel Composting (IVC), which combines AHP waste with 
organic waste and matures it for 4 to 6 weeks in aerobic conditions (Envirocomp, 2013). The 
resulting material is then screened and made available to use as compost (Colòn et al 2011; 
2013). Recovery is the third option identified, in which controlled pyrolysis is used to 
breakdown AHP into a blackened char that can have several uses depending on its chemical 
and physical composition, including: its use as a filter medium, fuel, or a soil conditioner 
(Braun et al, 2010; Sohi et al, 2010). The final option identified was a process producing 
refuse-derived fuel (RDF); AHP is shredded, dried, and sterilised to produce a RDF suitable 
for use in biomass facilities (SFD, 2013). 
There are other technologies available, which have not been considered here. For example, 
Toronto Council collects AHP with other organic-rich waste streams for treatment by 
anaerobic digestion (Sita Suez, 2011; Toronto Council, 2013). This is not feasible in the UK 
because of the PAS 100 standard (publically available specifications), which refers to the 
specification for composted materials and prohibits the use of the output on agricultural 
land (WRAP, 2012). Alternatively, it has been suggested that sewage plants could be used. 
However, this is unlikely in the UK because of the conflicting nature of the Urban Waste 
Water Treatment Directive (UWWT) (EC, 1991) and the Waste Framework Directive (WFD) 
(EC, 2008). Sewage works operate under the scope of the UWWT Directive and materials 
handled under this Directive are excluded from the scope of the WFD. Therefore, whilst such 
a process may be desirable, it is not a practical alternative in the short to medium term in 
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the UK because of complications regarding environmental permitting and waste treatment 
regimes (EA, 1990). 
As noted previously, AHPs are a difficult waste stream to manage because of the complex 
mix of materials used in their manufacture. Further, they are the most significant offensive 
waste left in the residual waste stream and are part of the fortnightly residual collection. 
Hence, potential social benefits arise, in addition to direct financial and economic benefits, if 
an appropriate management option can be found. The decision-making framework 
presented in Chapter 3 has been applied to help compare the waste management options 
available with current practice. In the following sections the assumptions for the case study 
are discussed, the methodology for calculating the total weight of AHP waste available is 
determined, and the results presented.  
4.3 Methodology 
4.3.1 Assumptions 
In the following sections several assumptions have been made for the assessment. The 
reference data used in this project was taken from Surrey County Council’s (SCC’s) material 
weight figures reported for the year 2012 to 2013. Unless otherwise stated the cost data 
presented was collected in 2012, through market research. 
For the economic assessment, both alternative management options had an associated gate 
fee assumed to be £80 per tonne. This information was gathered through market research 
from the current operators of the alternative technologies (Knowaste, 2013). Conversely the 
gate fee for BAU was £97/t (SCC, 2013a; WRAP, 2013a), reflecting the additional costs 
associated with landfill. For the environmental assessment, AHP waste was classified as 
comprising 62 wt. % organic wastes and 38 wt. % plastic wastes (Table 4.1). According to 
data supplied by the technology provider, Table 4.1, around a half of the mass of the organic 
waste fraction in the assessment is associated with water and is lost during the recycling 
process. Additionally, for the recycling option all the material processed was classified as 
having been recycled. In comparison, any plastic waste removed from the composted 
product in the IVC was classified as residual waste, as the composting process is unable to 
breakdown the plastic component. For the BAU scenario, a split of 81 wt. % energy from 
waste and 19 wt. % landfill was used (SCC, 2013b). Finally, the collection of AHPs is not 
included in the assessment, as the collection process is common to all three options. 
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Before this project commenced, the proportion of AHPs within Surrey’s household waste 
stream was unknown. Best estimates from the literature suggested that they could make up 
anything from 2 to 7 wt. % of the overall household waste in the UK (Rapson and Rolls, 2010; 
Zwane, 2010; Colòn et al, 2013; Knowaste, 2013). The following sections step through the 
stages of the Local Authority Optimal Materials Management Framework (LAOMMaF) the 
decision-making framework presented in Chapter 3. 
4.3.2 Application of the DMF 
4.3.2.1 Establishing Material Availability 
The methodology presented here explores opportunities to improve the management of 
AHPs and the potential environmental, financial, and social benefits follows the LAOMMaF 
presented in Chapter 3, Figure 3.3. It was first necessary to calculate material availability and 
therefore the associated weight of AHPs, in order to determine whether or not it was worth 
exploring opportunities to extract this material from the residual waste stream. The method 
presented here was used, as the composition analysis in Chapter 5 was not available at the 
time of this study. This method will be of use to councils who have not, recently, carried out 
a detailed composition analysis of their waste stream. 
First, the weight of waste nappies (WNT) used by all children in Surrey per year was 
calculated: 
WNT = ((NN WN) 365) NC                                                 (Eq 4.1) 
where, NN is the average number of nappies per child per day (Aumônier and Collins, 2005; 
EA, 2008; EDANA, 2009; Colòn et al, 2011; Disposable Diaper Industry, 2011). NC is the 
number of children in the age range (0 to 2.5 years per household) (ONS, 2002; 2012a; 
Surreyi, 2012). WN is the average weight of one used nappy (Vizicarra et al, 1994; Aumônier 
and Collins, 2005; EDANA, 2008; WRAP, 2008; Knowaste, 2013). 365 are number of days in a 
year. 
Next, the weight of incontinence products for all people over 65 who use incontinence 
products in Surrey, (WMT and WWT) per year was estimated. Incontinence waste was 
calculated separately for men and women, as the number and weight of products used 
varies (Edgley, 2002; NHS, 2010). To calculate the weight of used women’s (WWT) 
incontinence products in Surrey each year the following equation was used: 
WWT = ((WWP NWP) 365) NW                                                                (Eq 4.2) 
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where, NW is the number of women over 65 suffering from incontinence related problems 
per household (Edgley, 2002; EDANA, 2008; NHS, 2010; ONS, 2002; 2012a; Medtronic, 2011; 
Surreyi, 2012). WWP is the average weight of one woman’s used incontinence pad (Dylewski 
et al, 2007; Knowaste, 2013). NWP is the average number of pads used by incontinent women 
per day (Brewer, 2006; Dylewski et al, 2007; Omil et al, 2010; Albury Care Home, 2012) and 
365 is the number of days in a year.  
For the total weight of men’s incontinence products (WMT) per year, the following equation 
was used: 
WMT =  ((NMP WMP) 365) NM                                              (Eq 4.3) 
where, NM is the number of men over 65 suffering from incontinence related problems (per 
household) (Edgley, 2002; Medtronic, 2005; EDANA, 2008; NHS, 2010; ONS, 2002; 2012a; 
Surreyi, 2012). WMP is the average weight of one man’s incontinence pad (Dylewski et al, 
2007; Knowaste, 2013). NMP is the average number of pads used by incontinent men per day 
(Brewer, 2006; Dylewski et al, 2007; Omil et al, 2010; Albury Care Home, 2012) and 365 is 
the number of days in a year. 
The total weight (WT) of AHP waste can then be calculated: 
WT = WMT + WWT + WNT                                           (Eq 4.4) 
Whilst the number of potential households (HT) available to collect this waste from, in Surrey 
per year was calculated using:  
HT = NHC + NHWM                                                                               (Eq 4.5) 
where, NHC is the number of households with children aged 0 to 2.5 years (ONS, 2012a). 
NHWM is the mean percentage men and women over 65 suffering from incontinence 
multiplied by number of households in Surrey with residents over 65 years old (ONS, 2012; 
Surreyi, 2012). 
4.3.2.2 Are Alternative Management Options Available? 
A SWOT analysis (an acronym for Strengths, Weaknesses, Opportunities and Threats) has 
been conducted in order to assess the management options available for the treatment of 
AHPs. As a tool designed to support the preliminary stages of decision-making (Dyson, 2004; 
Srivastava et al, 2005) a SWOT analysis was chosen as the most appropriate methodology to 
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Table 4.2 – SWOT analysis of alternative AHP management options.  
Technology and 
Classification 
Treatment Method Strengths Opportunities Weaknesses Threats 
Knowaste, UK.  
Recycling 
Bagged AHP waste straight from collection is sent to an 
autoclave for sterilisation. Sterilisation occurs within an 
autoclave where the material is subjected to 15 psi 
pressure at around 121oC for a period of 20 minutes; it is 
during this time that the super absorbent polymers become 
inert. The organic waste is drained off and sent directly to 
the sewerage system, or can be utilised through anaerobic 
digestion, if the technology is available. The remaining 
polymers and fibres are separated. Contaminates are 
removed, the fibre is baled ready for shipping to the re-
processor, whilst the polymers are washed, granulated and 
palletised ready to be recycled (Knowaste, 2013).  
 Operational in the UK - West Bromwich (Hacker, 2012; Jones, 
2012).  
 Lifecycle analysis review of technology in accordance with ISO 
14040 standards was conducted in 2001.14 
Results showed: 
 50% moisture is lost. 25% fibre can be utilised in the recycling 
processes. 12% plastic is available for recycling. 7% super 
absorbent polymers are lost – the material becomes inert during 
processing and therefore cannot be recycled. 6% solids are lost, 
but could be utilised in anaerobic digestion to produce energy 
providing the technology is available. 50% reduction in carbon 
dioxide equivalent emissions. 96% reduction in human toxicity. 
81% reduction in ecotoxicity. 18% reduction in acidification. 88% 
reduction in eutrophication (Deloitte, 2010 and 2011). 
 Ease of collection from households 
through bagging systems. 
 Significant contribution to recycling 
rate. 
 Reduction in environmental impacts 
of waste management system. 
 UK based technology. 
 Unlikely to receive negative reaction 
from public, in terms of the 
technology (in contrast to 
technologies where toxins or odour 
are emitted). 
 Ease of planning permission and 
permitting. 
 Proposed facility South Wales in 
2015. 
 Other facilities are operational e.g. 
Sydney, Australia 
 Up to 84% diversion from landfill 
(Colòn et al, 2011). 
 Sudden closure of West Bromwich plant, May 2013. 
 Energy intensive process if not collocated. 
 Polymers at present do not meet market specification in 
terms of moisture and water content. 
 End marketing of products is unstable. 
 High plant cost (Colòn et al, 2011).  
  
 Opposition for households as they do 
not want to be identified as users of 
incontinence or nappy products. 
 Market failure may mean that returns on 
investment are not made. 
 Financial risk. 
 May not be plausible to have on-site AD 
to recover organic component of waste 
stream. 
 Potential higher cost of collection. 
 No guarantee of resident participation. 
Envirocomp and 
HotRot, New 
Zealand (Butler, 
2012; Resource 
UK, 2013). 
In-vessel 
Composting 
AHP waste is shredded and then mixed with an organic 
bulking agent, usually green waste (Envirocomp, 2013). The 
waste-organic mix is transferred to the in-vessel composter 
that mimics natural composting processes. After being 
monitored for 16 -18 days the compost is the matured for 4 
- 6 weeks prior to use. Material is screened for plastics and 
is then ready to be used. The super absorbent polymers are 
kept within the mix as it is suggested they enhance the 
natural water retention ability of the soil, (Resource UK, 
2012).  
 
 
 Low energy consumption. 
 No leachate production. 
 A small financial operational benefit (Envirocomp, 2013).  
 Kimberly-Clark (2008) suggests that composting is a possible 
alternative to landfill, which could remove up 98% of AHP waste 
from the total residual stream. 
 Potent uses of the compost are: non-food agricultural land, leisure 
areas, parks and gardens (Envirocomp, 2013; Resource, 2013).  
 Estimated that 60,000 nappies per day can be processed, 
preventing approximately 3,650 tonnes going to landfill 
(EnviroComp, 2012). 
 Could be co-composted with residual waste if legislation permits, 
with no detrimental impacts on the output (Colòn et al, 2011; 
2013; Espinosa-Valdemar, 2014). 
 Opening a facility in Rochester, 
England in the autumn of 2013, per 
year.  
 Landfill avoidance. 
 Increase recycling rates. 
 Link up with other government 
departments i.e. countryside to 
ensure direct market for material 
and potential in-house savings for 
local authorities. 
 
 There has not yet been a lifecycle analysis carried out for 
this technology to compare it to business as usual.  
 SCA Hygiene, opposed to composting as a result of the 
higher cost of biodegradable plastics, but has suggested 
that it would be possible with traditional plastics if they 
were removed before processing (SCA Hygiene, 2012). 
 Plastic component of waste stream must be otherwise 
disposed of.  
 Odour emissions. 
 Opposition for households as they do 
not want to be identified as users of 
incontinence or nappy products. 
 The UK PAS: 100 Standard inhibits the 
use of this compost on land due to the 
nature of the input material (human 
waste) (WRAP, 2012). 
 Commercial viability no proven. 
 Potential higher cost of collection. 
 No guarantee of resident participation. 
Pyropure (2013) 
 
Recovery 
Is an on-site small-scale pyrolysis plant that uses controlled 
pyrolysis and a steam flush and sterilisation technology to 
produce a residue of ash and ‘clean’ gas. Bagged AHP mixed 
with the residual waste is placed inside the Pyropure 
chamber. Heat is blown into chamber via a specialist 
catalytic converter, where electrical elements heat the 
waste to 550oC, breaking the waste down to a blackened 
char. Vapors move out of chamber through an air filtration 
system where the ash particles separated. The vapours are 
passed through a water scrubber to remove contaminants. 
Waste is then pumped into chamber to flush out ash to the 
sewerage system. Metals and glass are separated at this 
point for recycling. Energy recovered from the heat 
exchanger can be used to heat and internal radiator or 
external water tank. 
 No collection or transportation required, as it is an on-site system. 
 Reduced total waste volume by 99%. 
 Destroys all carbon based material and separates glass and metals 
for recycling. 
 Energy recovery possible. 
 Low emissions to air, as contained in sealed container. 
 Can accept other problematic waste such as cat litter. 
 Treats other residual waste at same time. 
 Can be placed in homes/ areas, 
which have a high ratio of AHP 
users. 
 Reduced collection capacity 
required as most waste is pumped 
into sewerage system. 
 
 Water intensive. 
 Not classifies as recycling. 
 May have negative impact on recycling rates of other 
materials such as food waste, paper and plastics. 
 Small scale, 60-70 kg per day (approximately 8 average 
residual black bags) not suitable for individual 
householder 
 Trialled for 1 month from September to October 2009 on 
a 15-story block of flats by Wansworth County Council. 
 Would not contribute to recycling targets. 
 Small scale. 
 More suitable for care homes which are out of the scope 
of local authority household collections. 
 Not commercially viable. 
 Not able to take large amounts of waste 
that would significantly contribute to 
household waste reduction in Surrey. 
 Not proven at large capacity. 
 Potential higher cost of collection. 
 No guarantee of resident participation. 
 Risk of technology failure – need for 
engineers to be on call to repair units, 
may lead to additional costs. 
 Resident training and potential misuse of 
technology. 
 Potential to cause conflict with sewage 
companies. 
Superfaiths, 
Japan 
Refuse Derived 
Fuel. 
Bagged AHP is shredded and placed in a sealed unit. Inside 
the sealed unit the material is automatically shredded, 
dried and sterilised. The dried material is then transformed 
into pellets suitable for biomass burners (SFD, 2013). 
 Produces a high calorie solid fuel (up to 200 Kcal per kilogram). 
 Calorific value can be controlled. 
 Produces an inert non-hazardous material. 
 Alternative fuel source. 
 
 Recovery and not recycling. 
 No outlet markets and not operational in the UK. 
 Small processing capacity, 600 kg/day. 
 Not operational in the UK. 
 Potential higher cost of collection. 
 No guarantee of resident participation.  
                                                        
14 The system boundaries for this LCA were the processing element of the waste management technology. The study compared the business as usual case, which the report assumed to landfill for 81% of the waste managed) and incineration, for 19% of the waste being managed, to the Knowaste plant (Deloitte, 2011). 
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understand the strengths and opportunities of possible management technologies for AHPs, as well 
as identify areas that could mean the technology would not be viable for SCC.  
The SWOT analysis presented in Table 4.2 suggests that recycling and In-Vessel Composting (IVC) are 
the most suitable alternative solutions for AHP management as opposed to landfill and energy from 
waste. The reasons for this are that both technologies operate at a commercial scale and so are able 
to contribute to an increase in recycling rates for local authorities. Therefore, the purpose of this 
work was to assess the merits of these two technologies as compared against ‘Business As Usual’ 
(BAU). A comparison against BAU allows the potential benefits of the new management options to 
be identified and these are discussed in the following sections. 
4.3.2.3 Economic Feasibility 
To establish a suitable evidence-base, the cost effectiveness (CT) of a new collection scheme was 
calculated using the relationship: 
CT = WT (CC +CG + CH)                                                       (Eq 4.6) 
where, WT is the total weight of AHP waste collected. CC is the collection cost per tonne (SCC, 
2013a). CG is the gate fee per tonne (Service providers and market testing including: Knowaste, 2013; 
SCC, 2013a). CH is the haulage cost per tonne (SCC, 2013a). Prices for each component were derived 
from several sources including: i) estimates from current practice, ii) existing collection providers, iii) 
third parties, and iv) in-house procurement. Once the costs of the new service had been obtained, 
they could be compared to BAU allowing identification of the most cost effective management 
option.  
4.3.2.4 Environmental Feasibility 
Environmental benefits were assessed using a lifecycle approach to quantify the reduction in 
greenhouse gas emissions (GHG), measured in tonnes of carbon dioxide equivalent (tCO2e), 
associated with each of the management options. Equivalent emissions (ET) were calculated using 
the equation: 
ET = (MKEK) WX                                                        (Eq 4.7) 
where, MX is the management type (Defra, 2007b; 2010; 2011b; Deloitte, 2011; Colòn et al, 2011; 
Butler, 2012; Resource UK, 2012; Defra, 2013a; Envirocomp, 2013; Knowaste, 2013; Resource UK, 
2013). EK is potential emissions per management type (Defra, 2007b; 2010; 2011). WX is the weight 
of material to be managed by a particular option. Equivalent GHG emissions were chosen because 
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carbon is a standard metric used by local authorities to assess their environmental impacts and 
efficiencies. 
The net GHG emissions for the disposal of AHPs were obtained from Defra (2010; 2011b; 2013a). 
The environmental assessment compared recycling and IVC against BAU. Table 4.3 shows a summary 
of the proportions of AHP sent to different treatment methods, whilst Table 4.4 presents a summary 
of the weight (tonnes) of AHP sent to each treatment method. Appendix A1 provides raw data used 
in the environmental assessment. 
Table 4.3 – Summary of the proportions of AHP sent to different treatment methods.  
Option Proportion of waste treated by each method (%) 
Landfill Incineration with Energy 
Recovery 
Composting Open-Loop Recycling 
Business As Usual 19 81 0 0 
Recycling 12 51 n/a 37 
In-vessel Composting  11 48 41 n/a 
Table 4.4 – Summary of AHP by weight (tonnes) sent to each treatment method.  
Option Treatment weight (tonnes) 
Landfill Incineration with Energy 
Recovery 
Composting Open-Loop 
Recycling 
Total 
Business As Usual 4,200 17,800   22,000 
Recycling 1,400 6,100  7,300 14,800 (7,200 
water loss) 
In-vessel Composting  1,400 6,100 14,500  22,000 
4.4 Results and Analysis 
4.4.1 Material Availability  
The total weight of AHP waste (WT) for the case study was found to be 22,000 tonnes per annum 
derived from some 43,000 households (HT), Table 4.5. This suggests that the separate collection of 
AHPs would enable a significant proportion of waste to be recycled or composted rather than sent 
for disposal. Such a change could facilitate a shift in which AHP changes from being a waste to 
becoming a resource.  
Table 4.5 – Total estimates of AHP waste available in Surrey.  
Component Total 
Total Nappy waste (Eq 4.1) 14,000 tonnes 
Total Incontinence (Eq 4.2 and 4.3) 7,300 tonnes 
Total Waste (Eq 4.4) 22,300 tonnes 
Total households (Eq 4.5) 43,100 
Given the weight of AHPs available in Surrey, there is the potential for this to contribute to an 
increase in the recycling rate of 4.5 wt. % (SCC, 2013b). Appendix A2 includes raw weight data and 
associated sources used. It is interesting to note that this figure is within 0.2% of the value presented 
by the composition analysis, presented in Cox et al (2015a). Following the stages in the LAOMMaF it 
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was decided by SCC that 22,300 tonnes of waste was sufficient for them to want to explore 
alternative management options. 
4.4.2 Assessing Economic Feasibility  
Table 4.6 shows a summary of the predicted service costs for the three management options 
considered, (Equation 4.6). Because the gate fee is applied to each tonne of waste sent for 
treatment it has the largest impact on the total cost. As a consequence, those alternative 
technologies that attract lower gate fees will be consistently cheaper than BAU. However, this is not 
the whole story. 
Table 4.6 – Summary of service costs (prices current as of January 2013).  
Management Type Collection Haulage Gate Fee Total Cost 
Business As Usual (BAU) £1,300,000 £200,000 £2,100,000 £3,500,000 
In-vessel composting  £1,400,000 £200,000 £1,800,000 £3,400,000 
Recycling £1,400,000 £300,000 £1,800,000 £3,500,000 
Haulage, typically, makes up less than 10% the total cost of a service and reflects the distance 
between the processing facility and the source of the waste. For the proposed IVC facility, the 
haulage cost is lower than the recycling option (by £4.75/t) because the proposed site is located 
closer to Surrey by approximately 80 miles. BAU activities also have the same haulage price as the 
IVC as they are located at a similar distance to Surrey (SCC, 2013a). Appendix A3 provides a full 
breakdown of base prices used for collection costs. 
4.4.3 Assessing Environmental Feasibility 
Table 4.7 shows absolute GHG emissions for each of the technologies in tCO2e, (Equation 4.7).  
Table 4.7 – Absolute GHG emissions (tCO2e) for management options.  
Treatment Method Absolute GHG (tCO2e) 
Total Primary Production Treatment 
Business As Usual (BAU) 34,700 26,600 8,100 
Recycling 28,500 26,600 1,900 
In-vessel Composting 33,100 26,600 6,500 
BAU produced the largest quantity of GHG emissions at 34,700 tCO2e, followed by IVC, which 
produced 33,100 tCO2e, with the recycling process producing 20,000 tCO2e, Figure 4.1 (showing 
absolute values). However, this evaluation does not compare ‘like with like’ in that the moisture 
content of the recyclate is not included in the overall weight processed. An alternative method is to 
consider GHG emissions as a relative proportion of the total mass. Figure 4.2 shows that by using 
such an approach, the relative treatment emissions of recycling remain substantially lower than the 
other two options.  
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Figure 4.1 – Absolute emissions for each management option. 
 
  
Figure 4.2 – Relative treatment emissions per tonne for each management option. 
4.5 Discussion 
Previous work has highlighted the importance of applying Industrial Ecology principles to the 
management of resource streams (Chertow, 2000). In this context, local authorities have access to 
considerable material resources within their waste streams. However, it is not always easy to 
identify the most appropriate management option, particularly when attempting to balance 
environmental, social and economic factors to achieve a sustainable solution (Weisbrod and Hoff, 
2012; Colòn et al, 2013; Ng et al, 2013).  
Currently many local authorities rely on the private sector to manage their waste streams and are 
unable to access the potential financial and other benefits that could be derived from extracting 
value from that resource stream. This can, to some extent, be alleviated when local authorities take 
an active rather than passive part in management of that resource stream. Whether or not local 
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authorities choose to be actively involved, evidence-based decision-making is essential to manage 
the resource stream effectively. This is particularly true given the current financial (2014) climate, 
which is resulting in significant budget cuts and the need to ‘do more with less’.  
For many local authorities, the most significant challenge of managing household waste at the 
kerbside is that of putrescible and offensive waste. AHPs represent a substantial proportion of this 
waste and diverting it from disposal has the potential to increase recycling rates for the local 
authorities, by some 4.5% in the case of Surrey. However, the range of choices available can make 
effective resource management difficult. In order to make comparisons of the relevant management 
options (particularly when moving towards a quantitative solution) a range of information needs to 
be processed and deployed in specific ways.  
The decision-making framework presented in Chapter 3 has been tested here as a methodology for 
comparing different technologies and management options. The DMF starts by identifying complex 
waste streams and establishing the quantity of waste arising, using the equations discussed. A 
baseline of the current costs (financial, social and environmental) was then determined. This 
baseline represents the ‘Business As Usual’ (BAU) case. The question is then posed, ‘are these costs 
of significance to the local authority?’, if not, then BAU continues. However, if the costs are deemed 
significant, alternative management options need to be identified. If no alternative management 
options exist, then the authority will have to continue with BAU and consider the possibility of new 
research. Conversely, if there are alternative management options available, then evidence-based 
quantification of the financial, social, and environmental implications of these options should be 
conducted. Once this quantification has taken place, a comparison between the BAU baseline and 
the alternative management options is necessary. If, on balance, the alternative management 
options are justified to be better than BAU then the solution offering the best balance of objectives 
should be implemented. If not, then the authority should remain using BAU but continue to support 
new technological developments that might allow for the exploitation of available resources within 
the residual waste stream at some point in the future. The application of LAOMMaF is particularly 
useful when the quantities of complex resource streams are unknown: simple equations are applied 
to readily available data (including demographic and standardised product weights) allowing 
available quantities to be estimated. 
To understand the comparison of environmental impacts, estimates of GHG emissions were used. 
Other environmental impacts were not considered. Moreover, it should be noted that traditional 
Lifecycle Thinking (LCT), whereby the whole life of the product is studied, was not considered 
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appropriate in this case. This is because local authorities currently have no control over the early 
lifecycle phases, which include extraction of materials, processing, and manufacture. In other words, 
the carbon embodied in the AHP products (i.e. carbon emissions due to energy use in the earlier 
lifecycle phases) remains constant regardless of the waste management option chosen. Hence, it is 
the end-of-life options which have been the focus of this study.  
In this case, the order of preference does not change by considering relative rather than absolute 
values. Recycling can be seen to be more attractive as a resource management option when 
considering the GHGs associated with this compared with other options. This approach provides a 
robust way of future planning; if the amount of a product’s usage can be predicted accurately into 
the medium and long-term, then risks can be reduced with regards to the realistic life span of 
infrastructure and plant required for the management of the resource stream. 
The methodology developed uses a series of simple calculations to assess the cost effectiveness as 
compared to BAU. This calculation involved using cost data that was available to the local authority 
and comparing the result with current expenditure. As with any sustainability assessment, this 
methodological approach should be an evolving process, not something that is conducted once and 
then forgotten. LAOMMaF therefore needs to be flexible enough to provide meaningful outputs 
from what is frequently secondary or incomplete data, but robust enough to accept changes 
required by social and technological developments.  
4.6 Summary 
For many local authorities, or their equivalents, AHPs represent a significant proportion of what 
remains of ‘putrid’ waste in alternate weekly collections. This resource stream is currently lost in 
disposal either through landfill or EfW, making it an ideal subject for investigation. A range of 
management options are available, both well established and more novel; these operate at all levels 
of the Waste Hierarchy and each have environmental, financial and social impacts associated with 
them. The purpose of the current work has not been to critically evaluate the underpinning 
technology of these management options, nor to propose improvements or refinements to their 
operation. Rather, the current work has compared and contrasted these options to provide an 
integrated assessment, incorporating social and environmental aspects, instead of one based solely 
on financial concerns. In undertaking this study, a decision-making framework was developed in 
order to carry out this comparison. The outcome of the case study presented here suggests that, for 
Surrey, (at the time of work and with the data available), the separate collection of AHPs and that 
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subsequent sterilisation and recycling represents the best solution available to the Surrey Waste 
Partnership (SWP). 
The processes underlying the decision-making framework generated have potentially wider 
applications and may be used with other parts of the waste stream, particularly those that have 
traditionally been ignored as overly complex. The methodology developed can thereby be used to 
identify the most appropriate management option for a given situation at the local authority level. 
From the application of this framework, gaps in local authority knowledge and data can be 
identified. Firstly, it is evident that there is a lack of sufficient data regarding the identification of 
complex materials in the composition analysis. This was shown in Section 4.3.2.1 where calculations 
for the weight of AHP available were created. This methodology may not be suitable for all material 
waste streams and therefore what is required is a composition analysis specification that captures all 
materials generated by the household. The work included in this chapter was also published in the 
Proceedings of the Institute of Civil Engineers: Waste and Resource Management and can be seen in 
Appendix 1. What follows in Chapter 5 is a methodology to capture complex materials within a 
standardised specification. Secondly, the decision-making framework would benefit from a more 
structured approach for choosing between management options when more than one option 
provides an improvement compared to the baseline. This issue is explored further in Chapter 6.  
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Chapter 5 – From Waste to Resource: Towards a Standardised 
Specification 
 
5.1 Introduction 
Using the term ‘waste’ to classify material streams arising from households is understandable, but it 
represents a mind-set that is potentially closed to the opportunities they present as a possible 
resource. Further, by placing a value on what is traditionally viewed as waste, it is possible to 
generate revenue or save money directly, reducing the environmental burden and ensure a 
sufficient standard of living for the community. This suggests that such an approach is neither 
appropriate nor helpful (Pongrácz and Pohjola, 2004). Thus, there is a need to provide 
recommendations to local and national governments, regarding a standardised specification for 
household waste categorisation, in order to support the transition to a more resource conscious and 
sustainable society. This, however, is simpler to say than to do. 
In Chapter 4, it was identified that a more detailed composition analysis of household waste in 
Surrey was needed for local authorities to explore and understand complex waste streams. 
Therefore, this chapter seeks to develop a methodology for a standardised materials based waste 
composition analysis, to identify hidden waste streams, thus allowing local authorities to better 
position themselves in the ‘Waste Supply Chain’, (Figure 3.1b). 
What follows in this chapter is a brief background of waste as potential resources and the 
importance of composition specifications when determining management options for these 
resources (Section 5.2). Section 5.3 reviews existing waste composition specifications from a variety 
of sources. Section 5.4 proposes a new specification, whilst Section 5.5 looks at applying this 
specification to Surrey. Finally, Section 5.6 discusses the implications and applications of this 
specification for wider use and Section 5.7 summarises the chapter. 
5.2 Background 
5.2.1 Moving from Waste to Resources 
One of the key barriers to effective management of any resource stream is a lack of good quality 
data in relation to its type and quantity. In addition, it is not always easy to understand how such a 
potentially complex mix of materials fits within national and international legislation and guidance. 
For local authorities, developing new ways of working is made more difficult by a lack of knowledge 
about the materials that are being discarded. Household waste composition has changed 
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significantly since the initial records of the 1930s and 1940s (Bridgewater, 1986; Coggins et al, 1994). 
As such, there is a need to change the way this waste is recorded. Currently, specifications capture 
‘wastes’ as opposed to materials and therefore attributing value to household waste is problematic. 
Furthermore, the way in which local authorities wish to operate with other stakeholders in the 
‘Waste Supply Chain’ (Chapter 3) and the extent to which they can do so, is limited by their 
knowledge of what materials they have and what materials are captured. This is because detailed, 
coherent and consistent specifications are lacking.   
A number of significant (governmental) composition studies have been conducted since the 1990s. 
The first study was developed after the introduction of the Environmental Protection Act, 1990, in 
response to the recycling targets, which it included. The second was the National Household Waste 
Analysis Project (NHWAP), developed in 1994, the most comprehensive composition analysis of its 
type (DoE, 1994 a-c), which was used to classify household waste at the national level. The 
composition analysis from the NHWAP was also used to inform the Waste Strategy for England some 
six years later, in 2000. However, the latter study has been criticised by Burnley (2007) for excluding 
electrical and hazardous waste streams (which can be costly to the local authority) and also for the 
exclusion of Community Recycling Centre15 (CRC) data (which represents a significant proportion of 
UK household waste). In addition to this, Burnley et al (1997) also suggest that many of the early 
composition studies including ones by Jones et al (1996) and the EA (1996) were limited in their 
scope and did not address the entire household waste stream in a ‘systematic manner’. 
5.2.2 Identifying Categories 
Often, composition specifications have to balance the number of material categories with the cost of 
conducting an analysis of the waste stream (DoE, 1994c). Inevitably, as the number of material 
categories increases so too does the cost. This is reflected by the significant variability in 
composition analyses conducted by different local authorities and between the same local authority 
at different times (Turner at al, 2011; Williams, 2015). With no standards provided by international 
or national bodies, each local authority devises their own waste specification. Consequently, there is 
often poor comparability between studies (and organisations), both temporally and spatially (DoE, 
1994c). However, this variability also mirrors changes in lifestyle, culture and consumption habits, as 
well as reflecting modifications to manufacturing processes and advances in the design of goods 
(Coggins et al, 1994; Beigl et al, 2008).  
 
                                                        
15 CRCs are facility where householders are able to take their waste, which cannot be collected by the kerbside collections. 
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5.2.3. Management Options  
As discussed in Section 2.2.3, European Law is the main driving force behind changes in UK waste 
management. Policies from European Union directives are devolved to UK local authorities with the 
purpose of defining waste and setting guidelines for its management. The ‘Waste Hierarchy’ (Figure 
2.5) is one of the most significant tools outlined by these directives (EC, 2008), encouraging 
sustainable waste management by placing emphasis on preservation of resources over inefficient 
reprocessing (for example, energy from waste) or ‘permanent’ disposal (for example, landfill). Figure 
5.1 shows the changing proportion of treatment methods for all local authority collected Municipal 
Solid Waste (MSW) in England from 2000 to 2013.  
 
Figure 5.1 – Local authority collected waste by management method, England, April 2000 to March 2013. 
The use of landfill for MSW disposal has significantly decreased since 2000 to 2001, from 79% to 34% 
(2012 to 2013). This coincides with an increase in EfW from 9% to 22% and recycling from 12% to 
42% over the same period. The peak of MSW was seen in 2004 to 2005, where approximately 30 
million tonnes was recorded, total waste remained around this weight until 2007 to 2008. The 
overall total weight of MSW has consistently decreased annually, from 28.5 million tonnes in 2007 to 
2008 to 25 million tonnes in 2012 to 2013. This coincided with the release of the Waste Strategy for 
England, which placed a greater emphasis on waste prevention, by implementing a new target to 
reduce the amount of household waste not re-used, recycled, or composted. The target was to 
reduce household waste by 45% from a baseline in 2000 (WSE, 2007). Although levels of waste have 
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reduced, there remains a significant quantity of this material being treated through either 
incineration (with energy recovery) or landfill (56%).  
A matrix of management options for MSW has been proposed by Greenfield (2013), which could be 
used to aid the prioritisation of interventions addressed in the Waste Hierarchy (EC, 2008). The 
management options identified include: landfill, thermal treatment technologies (EfW, pyrolysis, AD 
and gasification), forms of composting, recycling, reuse and prevention. Table 5.1 shows these 
management options set against a range of materials. From this, it can be seen that not all 
management options are ranked in the same way for each of the materials. For example, for garden 
waste, the preferred options are suggested to be home composting and IVC (both scoring 5 out of 5) 
with prevention scoring 1 out of 5. Justification for this is not provided by Greenfield (2013).  
Table 5.1 – Management matrix taken from Greenfield, 2013 (0 least favourable management option, 5 optimum management option) 
 Food   Paper Metals Glass Textiles Garden Plastic Residual 
Prevention 5 5 5 5 5 1 5 5 
Reuse 5 3 5 4 5 0 4 2 
Recycling 0 4 4 4 5 0 4 5 
‘Closed-loop’ 
recycling 
0 5 5 5 5 0 5 0 
Home Composting 3 1 0 0 0 5 0 0 
Home Digestion 3 1 0 0 0 4 0 0 
Windrow 
Composting 
3 1 0 0 0 4 0 0 
In-vessel Composting 5 1 0 0 0 5 0 0 
Anaerobic Digestion 4 2 0 0 0 3 0 2 
Pyrolysis 3 2 0 0 0 2 4 3 
Gasification 3 2 0 0 0 2 4 3 
EfW Combined Heat 
and Power 
0 0 0 0 0 0 0 5 
EfW 0 0 0 0 0 0 0 4 
Landfill 0 0 0 0 0 0 0 1 
However, one can assume this is because garden waste is not preventable. Alternatively, in the case 
of the other materials, prevention was identified as the preferential management option. Moreover, 
for the residual category, EfW was suggested to be the second preferential treatment option after 
prevention, suggesting that the Waste Hierarchy needs to be adapted according to the material in 
question. This demonstrates the importance of understanding what constituents of the resource 
stream are, particularly when the integrity of the resource and price commanded is significantly 
impacted by the quality of that material. For example, the current UK price obtained for mixed 
plastics is between £60 and £125 per tonne, however, separating the plastic into grades (for 
example, High-Density Polyethylene (HDPE) natural and HDPE coloured) can obtain significantly 
higher prices, from £160 to £420 per tonne (Let’s Recycle, 2014a). 
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5.2.4. Current Composition Analyses 
Traditionally composition analyses at the local authority level are carried out on a bi- or tri-annual 
basis, to determine what materials are disposed of as part of the household waste stream (MEL, 
2010). They are based on a specification of waste types generally comprised of primary waste 
descriptors representative of the broad categories of waste, and secondary descriptors that 
represent specific types of materials or specific goods. For example, for a primary descriptor paper, 
the corresponding secondary categories may be; low quality recyclable, high quality recyclable, non-
recyclable and so on. More often than not, the secondary descriptors are of most value to local 
authorities because they provide a detailed evidence-base, which can enable them to: 
 understand what materials have been collected for treatment each year;  
 evaluate the success of recycling and reduction campaigns;  
 understand the amount and composition of materials that were recycled; 
 inform decision-makers of priority waste streams; and 
 inform future waste management strategies, particularly with respect to the extraction of 
value.  
In order for local authorities and other members of the waste industry to work together effectively, 
there needs to be agreement on the categorisation and terminology surrounding waste 
management (Coggins, 1997) as well as a focus on resource (EC, 2008). In that sense, current 
specifications are not fit for purpose, due to a lack of standardisation (Parfitt and Flowerdew, 1997; 
Fehr et al, 2006; Lisa and Anders, 2008). The creation of a composition specification that presents 
waste streams as a resource, in material-based categories allows for a better understanding of the 
opportunities available to local authorities. In turn, this enables them to make sustainable 
management decisions based on a strong evidence-base (Pongrácz and Pohjola, 2004; Qu et al, 
2009). Khan and Burney (1989) suggest that this will allow for a better understanding of available 
opportunities to meet reduction and recycling targets. This is particularly important when 
considering the principles of Industrial Ecology, coupled with the shifting roles that local authorities 
may need to occupy in the supply chain, as indicated in Figure 3.1b. 
Beigl et al (2008) suggest that information concerning the type and quantity of waste is the 
minimum required for local authority decision-makers (Ogwueleka, 2013). This is because it can: i) 
provide an indication of the opportunities available for service improvements and operational 
optimisation, and ii) aid with the design and planning of collection systems and other infrastructure 
(Qu et al, 2009). Khan and Burney (1989) state that ‘the success of any...recycling effort is directly 
related to the accurate determination of solid waste composition’. This is supported by Coggins 
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(2009) who suggest that ‘if you do not, or cannot measure it, you cannot manage it’. Additionally, 
comprehensive specification data can help estimate material recovery, identify waste sources, and 
allow for improved compliance with legal requirements (Joos et al, 1999; Sfeir et al, 1999; Gidarakos 
et al, 2005; Fehr et al, 2006; Lisa and Anders, 2008). According to Lebersorger and Schneider (2011), 
current waste specifications are ‘insufficiently described and not reproducible by a third party’. This 
makes cross-organisational comparisons problematic and detailed analyses of changes in year-on-
year compositions impossible. Therefore, it is essential that there are sufficient secondary 
descriptors, supported by data on quantities, to make a meaningful assessment of the composition 
of the resource streams. Hence, a standardised composition specification would allow for:  
 targeted prevention and recycling schemes and their monitoring;  
 informed decision-making on facilities and infrastructure;  
 improved financial outcomes for local authorities; and 
 support collaboration between local authorities and industry. 
5.2.5 Summary 
In summary, there is currently no material-based or other standardised specification available for 
the analysis or presentation of the composition of household waste. This presents a significant 
barrier to the effective management of the available resource stream. This is because opportunities 
can be missed, particularly when efficient management is dependent on there being a critical mass 
of material. There is a need for a standardised specification to enable local authorities to better 
engage in the supply chain and obtain value from household waste when is it utilised as a feedstock 
material is alternative processes. The importance of this has also been shown when considering the 
management options for different materials. In the matrix, Table 5.1, developed by Greenfield 
(2013) it could be seen that materials follow different hierarchies of preferential management 
options, which may be currently hidden within current composition specification. The current 
specifications are explored in Section 5.3. 
5.3 Existing Specifications 
5.3.1 Local Authority Specifications 
Local authority composition specifications from locations across the UK were collected and 
additional data were gathered on material grades and acceptance criteria (related to material 
quality) from operators of reprocessing facilities. Furthermore, current UK waste policies from 
organisations including Waste Resources Action Plan (WRAP) and the Department for Environment, 
Food and Rural Affairs (Defra) were reviewed. The different sources of information are summarised 
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in Table 5.2. It can be seen that, in the case of Surrey, two different specifications were used to 
identify the composition of materials at CRCs and materials collected from the kerbside in the last 
composition analysis carried out by SCC.  
Table 5.2 – Review of waste composition specifications. 
Name Type Year Measure/Process of Interest Comments 
Local Authorities 
Bristol Borough 
Council 
Specification 2009 Kerbside collected waste 
breakdown 
 
North Somerset 
Council,  
Specification 2009 Kerbside collected waste 
breakdown 
 
Surrey County 
Council Household 
Waste Recycling 
Centres 
Specification 2007 Waste composition analysis for 
household waste recycling centres 
Completed by ‘MEL’ in 
2007. 
Surrey Waste 
Partnership Kerbside 
Specification 2010 Waste composition analysis for 
kerbside collected waste 
Completed by ‘MEL’ in 
2008 and 2010 on behalf 
of Surrey County 
Council. 
West of England Specification 2009 Jacobs, Kerbside collected waste 
breakdown 
Currently unpublished 
data. 
On Behalf of Local Authorities 
Axion Consulting Report 2012 Kerbside collected waste 
breakdown 
Conducted on behalf of 
Surrey County Council. 
Currently Unpublished 
data. 
Oakdene Hollins 
Consulting 
Report 2012 Household waste recycling centre 
waste breakdown 
Conducted on behalf of 
Surrey County Council. 
Currently Unpublished 
data. 
Policy 
Department for 
Environment, Food 
and Rural Affairs 
Report 2012a Wood grade classifications  
Scottish 
Environmental 
Protection Agency 
Specification 2008 Waste composition analysis for 
residual material analysis 
 
Waste Data Flow Materials 
analysis and 
Reporting 
2011b Waste composition analysis for 
recycled materials 
 
Waste Resource 
Action Plan 
Report 2008 Rigid plastic classification  
Reprocessor and Industry Specifications 
Confederation of 
paper industries 
(En643) 
Specification 2002 Paper breakdown and reprocessor 
standards 
Revision of Specification 
due Autumn/Winter 
2013. 
Defra Report 2009 Suggested categorisations for key 
kerbside material streams. 
 
 Recoup Plastic 
Categorisation 
Report 2013 Product specific polymer 
breakdown 
 
Sita  Specification  2013a Material Recovery Facility 
acceptance criteria  
 
  Resource 
Association 
Specification 2014 Recycling quality specifications  
As with the other compositions, this makes aggregation of materials and comparison between the 
two, problematic (Burnley et al, 1997). Therefore, determining the critical mass of materials is 
difficult, which can lead to inefficiencies in the management system as a whole. 
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It is clear that separate organisations are using a range of descriptors to cover what are, essentially, 
the same wastes and are also applying identical descriptors to different materials. The variation in 
the primary descriptors used is presented in Table 5.3. It can be seen that not all specifications are 
based on the same number of primary descriptors. The reason for this is that some materials, for 
example offensive wastes, could be hidden within another primary descriptor, for example 
miscellaneous combustibles. 
Additionally, categories like ‘offensive’ and ‘miscellaneous reusable’ may not have been considered 
as a primary descriptor when these (local) specifications were first devised. However, as EU 
legislation suggests recycling rate targets of up to 70% (EC, 2014), problematic categories of 
materials are becoming of interest for local authorities. Legislation, including the EU Waste 
Framework Directive (EC, 2008) and associated initiatives such as ‘The Waste Strategy for England’ 
(Defra, 2007; 2011b), which have been relatively successful in encouraging the capture of easily 
reprocessed material, for example: paper, metals, glass and some plastics. Hence, it becomes 
increasingly important to categorise the composition of residual household waste more consistently 
and precisely.  
5.3.2 Policy-Led Specifications 
By contrast to local authority derived specifications, policy-led specifications (driven by changes in 
government policy) and those from the reprocessing industry often describe categories in detail at 
the secondary level and therefore consider fewer primary descriptors (typically between one and 
four). For example, the RECOUP (2013) specification has a primary descriptor ‘plastics’, but then has 
nine secondary descriptors. Such secondary descriptors are essential because not all materials can 
be reprocessed in the same manner. In order to make best use of the resource, it is important to 
know when aggregation hidden within a primary descriptor compromises the ability to identify 
potential feedstocks from waste. For example, the ‘plastics’ category can have many different 
polymers concealed within the primary descriptor, ranging from low-density polyethylene (LDPE) to 
polyethylene terephthalate (PET). Each polymer has a different set of properties that affect the 
ability to recover it from the waste stream, to reprocess it and subsequently to reintegrate it into the 
supply chain. Secondary descriptors can capture such information and thereby inform the decision-
making process.  
In some cases, like that of ‘WEEE’ (Waste Electrical and Electronic Equipment), where the primary 
descriptor relates to a composite set of materials, the secondary descriptors are described as goods 
as opposed to materials. For example, the management of cathode-ray tubes is different to that of 
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fluorescent tube lighting: both sets of goods are comprised of several materials that would not be 
‘available’ at initial collection from households. In the case of ‘miscellaneous reusable’ two sets of 
goods were identified by name, these were ‘videotapes, CDs and DVDs’ and ‘bicycles’. A third was 
‘list all others’ which was where the majority of reusable goods that do not reside in the other 
categorisations are placed. 
Table 5.3 – Primary Descriptors extracted from the sources summarised in Table 5.2. 
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Axion Consultancy 
(SCC, 2012a) 
X X X X X         4 
Bristol Borough 
and North 
Somerset Council 
(2009) 
X X X X X X X X X X X X X 13 
Confederation of 
Paper Industries 
(En643) (Let’s 
Recycle, 2013) 
X             1 
Defra (2009) X        X     2 
Oakdene Hollins 
Consultancy (SCC, 
2012b) 
     X X  X  X X X  6 
RECOUP (2013)  X            1 
Resource 
Association (2014) 
X X X X X X  X   X   8 
Scottish  
Environmental 
Protection Agency 
(SEPA, 2008) 
X X X X X   X X X X X  10 
SITA Paper 
Acceptance (SITA, 
2013) 
X             1 
Surrey HWRC (MEL, 
2007) 
X X X X X   X X X X X  10 
Surrey HWRC 
Reporting List 2008 
to 2012 (SCC, 
2012c) 
X X X X X X  X X X X   10 
Surrey Kerbside 
(MEL, 2010) 
X X X X X X X X X X X   11 
Waste Data Flow 
(WDF, 2011a; 
2011b) 
X X X X X X  X X  X  X 10 
WRAP Wood 
Classification 
(2012) 
     X        1 
West of England 
(2009) 
X X X X X    X X X X  9 
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Figure 5.2 – Local authority collected waste composition, England April 2010 to March 2011 (Defra, 2012b). 
 
Figure 5.3 – Aggregated kerbside and CRC collected waste composition, Surrey, April 2010 to March 2011. 
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‘List all others’ was a common category in the specifications when it came to one-off reusable items, 
the financial implications of having numerous secondary categories for all goods (that may not 
appear in the composition) would not be economical. 
As an example of composition specification data, Figure 5.2 shows the composition of MSW 
produced in England in 2010 to 2011. It is evident that 14.1 wt. % of the total waste was classified as 
‘other’ wastes, a term used to cover all the waste that could not be accounted for in the current 
categories. This is of significance because it represents almost 2.5 million tonnes of material. Whilst 
fluctuations in this quantity from year to year may be difficult to anticipate (Coggins, 1997), this is a 
significant mass of material, which is currently difficult (if not impossible) to target and manage in 
the most effective way. Moreover, Figure 5.3 shows the equivalent composition for Surrey in the 
same year (2010 to 2011). In this case, up to 28 wt. % of the material was recorded as ‘other’ waste; 
again highlighting the need for a composition specification that ensures all materials are captured as 
part of primary and secondary categories. Figures 5.2 and 5.3 have been shown in order to highlight 
the problems with the current specifications and the resultant high levels of aggregated data. As can 
be seen from both figures, large amounts of material are being missed in the categories termed 
‘other’. This means that the material cannot be selected for targeted reduction campaigns (Joos et 
al, 1999), neither can the material be specifically collected for any value it may have. This 
emphasises the need for a detailed composition specification. 
5.4 Proposed Specification 
Table 5.4 shows the standardised specification produced in this study. It includes information 
regarding the changes made from the initial 2007 CRC and 2010 kerbside, specifications used for 
Surrey, to the standardised specification that is being used today (2013 to 2014). In Table 5.4 there 
are some categories marked with an * that do not appear in either of the previous specifications. For 
example, ‘wood’ waste was originally grouped with ‘miscellaneous combustibles’ as a secondary 
descriptor. However, with over 20,000 tonnes per annum of wood available in Surrey, it was 
necessary to have a separate primary descriptor, coupled with five secondary categories to allow for 
effective management.  
Furthermore, there are other categories, which have been expanded from the previous 
specifications, identified by (**). An example of this is the expansion of the ‘paper and card’ 
category to include ‘low quality recyclable’ paper (10.7 wt. % total waste in Surrey) and ‘medium 
quality recyclable’ paper (4.7 wt. % of total waste in Surrey); the benefit of this is that the value that 
can be obtained from knowing the different categorisations can be substantial.  
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Table 5.4 – Standardised composition specification. 
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Present prices for the UK are £34 to £52 for mixed paper, but when separated into ‘low quality 
recyclable’ and ‘medium quality recyclable’ paper prices are between £82 to £90 and £122 to 127, 
respectively (as of August 2014) (Let’s Recycle, 2014b). A significant benefit of the new specification 
for Surrey County Council (SCC) is that it covers materials disposed of by households at both the 
kerbside and the CRCs and thus eliminates any data aggregation issues (DoE, 1994 a-c). The 
specification presented has 13 primary descriptors which chosen following the review of previous 
specifications from: local authorities, on behalf of authorities, policy, reprocessor, and industry 
specifications, Table 5.3). 
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From SCC’s previous specification, it was important to remove any category called ‘other’ to ensure 
that all of the waste stream could be assessed. Household waste contains a complex mix of 
materials. In an ideal world, it would be assumed that each material stream, found at the kerbside 
and CRCs would be individually identified. However, there are two factors that must be taken into 
account: 1) the relative importance of these individual materials, and 2) the market for the 
recyclates, which might actually demand a product descriptor rather than a material descriptor. 
Hence, whilst there is a strong demand for clear and coloured glass to be collected separately and 
metals can be effectively separated by a reprocessor, within the plastics category it is necessary to 
have a mix of specific material descriptors (e.g. HDPE) and products (e.g. black, pots tubs and trays). 
Product descriptors are often for streams that could have potential reuse value, such as the varying 
types of textiles, or where reprocessing technology is specifically for a product such as cathode-ray 
tubes or gas bottles. This specification will allow local authorities to obtain better value for their 
material streams as a result of having more information to target campaigns at specific areas and by 
tracking materials year on year. Furthermore, the aggregation of categories from kerbside collected 
materials and CRCs enables them to make better use of economies of scale, by pooling materials 
from both sources. It also enables synergies to be found and in the case of Surrey where CRCs are 
the responsibility of the Waste Disposal Authority (WDA) and the kerbside materials are the 
responsibility of the collection (WCA) authorities, partnership working can be carried out more 
effectively. 
5.5 Application of the Specification 
Figure 5.4 shows the results of the November 2013 phase of the composition analysis for Surrey 
using the specification outlined in Table 5.4. It should be noted that some seasonal variation in the 
proportion of waste collected is usually observed and so direct comparison with Figure 5.3 is 
difficult. However, the results in Figure 5.4 although only a part of a full year’s collection are useful 
in understanding the importance of removing the ‘other’ descriptor as specific changes within 
material streams can be identified.  
Once primary and secondary descriptors are in place, there remains a need to establish the absolute 
quantity of any resource that resides within the waste stream (Boer et al, 2010). This is because 
knowledge of percentage compositions on their own cannot allow rational and informed business 
decisions to be made. In Figures 5.2 and 5.3, several material categories make up less than 1 wt. % of 
the total composition. In the case of Figure 5.2, 1 wt.% of the waste can account for 20,000 tonnes 
of waste, whilst in Figure 5.3, 1 wt.% accounts for around 5,000 tonnes of material. The importance 
of understanding this is that, although a material category may represent only a small percentage of 
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the waste stream, it can have substantial value (for example, WEEE) or cost (for example, hazardous 
waste at around £2,900 per tonne for Surrey in 2013) to the local authorities. Alternatively, a 
material could be responsible for significant environmental harm if not managed effectively (for 
example, asbestos).  
 
Figure 5.4 – Initial kerbside collected waste results for Surrey, November 2013, using proposed specification. 
5.6 Discussion  
The availability of a detailed composition like the one proposed here can affect environmental issues 
in a number of ways. First, a better understanding of what resources are in the waste stream can 
help improve recycling rates by targeting those resources with value (environmental as well as social 
and economic). Second, it means that local authorities can begin to work the upstream supply chain 
(e.g manufactures) to reduce the amount of material produced, (for example, LDPE plastic film 
waste) and downstream with reprocessors to ensure materials are managed appropriately.   
Recycling is easy; efficient waste management less so. Consequently, opportunities to make best use 
of the resource streams in household waste are being missed. The creation of an agreed 
standardised specification is the first step towards better resource management because it can 
contribute to evidence-based decision-making with respect to sustainable management practices. 
With the paradigm changing to view waste as a resource, such a standardised specification becomes 
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even more important and needs to incorporate knowledge of what constitutes a ‘resource’. In turn, 
this allows traditionally problematic resource streams to be viewed as value-adding opportunities.  
Local authorities periodically undertake the analysis of waste composition, but it is not 
straightforward to compare studies as they often use different descriptors when presenting 
composition analyses. This then is perhaps the greatest barrier to the effective (and sustainable) 
management of waste, as it becomes almost impossible to share best practice and identify strategies 
for separating the resources within a waste stream.  
Having reviewed local authority specifications, government policy, legislation, and guidance from 
sector bodies such as: WRAP, RECOUP, and SEPA, it has been possible to define a new specification, 
which balances usability with a useful depth of data. The production of a standardised specification 
for resource composition must follow three basic principles. These are:  
 Primary descriptor categories must provide continuity with existing composition 
specifications, compatibility with secondary descriptors used and be relatively future-proof. 
 Secondary descriptors must adequately reflect the full extent of the materials (or goods) 
available in order for them to be treated as a resource. For example, within the high-level 
plastics category, identifying secondary groupings that sensibly reflect management options.  
 In addition to these descriptors, it is important to include meaningful quantitative data (both 
volumetric and mass), since this will affect the decision-making process when comparing 
management options. 
Such a specification can usefully inform evidence-based decision-making, allowing waste managers 
to assess issues such as economic value, significance of a material and environmental and social 
impacts. In so doing, the partners who are involved in the supply chain can not only identify new 
opportunities, but can take a view as to the ‘resource security’ implicit in the future collection and 
management of the material, leading to the more sustainable use of resources. The work in this 
chapter was published in the Proceedings of the Institute of Civil Engineers: Waste and Resource 
Management, the paper is called ‘MSW as a Resource Part 1: A case study in specifying composition’ 
(2015a), Appendix 2. 
In particular, the current work has shown that there is a significant quantity of complex resource 
streams (for example absorbent hygiene products), which have been overlooked because they were 
not fully accounted for in previous composition specifications. In identifying this opportunity to 
remove a component of the residual stream going to landfill or energy from waste, the next 
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question is ‘What is the most appropriate method of managing this resource?’ This question is 
addressed in subsequent chapters.   
5.7 Summary  
As has been outlined above, there is a need to understand what materials are being disposed of in 
order to manage the resource stream represented by household waste. Effective management can 
help create a ‘virtuous cycle’ that reduces the environmental burden of waste at the same time as 
reducing its economic burden. Jackson (2008) stated that ‘the age of irresponsibility demonstrates a 
long-term blindness to the limitations of the material world. This blindness is as evident in our 
inability to regulate financial markets as it is in our inability to protect natural resources and curtail 
ecological damage’. Local authorities and their partners in the supply chain, have the ability to 
influence global material resources and ecological impacts, whilst at the same time generating 
income.  
Chapter 6 will explore how local authority decision-makers can use the specification presented in 
this chapter to determine the amount of wood waste available in Surrey. The chapter then uses this 
data to identify the most suitable treatment options for wood waste through the development of a 
Multi-Criteria Decision-Making methodology. 
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Chapter 6 – Unknown Knowns: Multi-Criteria Decision-Making 
 
6.1 Introduction 
In the previous chapter, waste generation in relation to a new standardised composition 
specification was presented. Such waste composition studies, together with the myriad of 
technologies available give rise to a significant quantity of data that must be analysed in order to 
reach defensible solution(s). Recalling the Local Authority Optimal Material Management 
Framework (LAOMMaF) presented in Figure 3.3, the final stage in the decision process is to compare 
alternative management options against the option of ‘Business As Usual’ (BAU) (Figure 6.1). Multi-
Criteria Decision-Making (MCDM) refers to a process that enables appropriate weighting to be given 
to a number of potentially conflicting priorities in order to arrive at a solution that includes the 
various priorities, in an explicit manner that is open to review and verification. This is useful in cases 
where there are a number of alternative options available and as such lends itself to inclusion in the 
decision-making framework (DMF) developed herein. This chapter explores the different approaches 
that are available within MCDM and the process that has been developed for the final steps of the 
DMF. Its use is demonstrated through a case study relating to the management of wood waste 
arising in Surrey.  
 
Figure 6.1 – Section of LAOMMaF outlining the focus of this chapter. 
6.2 Background 
6.2.1 What is ‘MCDM’? 
Belton and Stewart (2002) describe MCDM as ‘an umbrella [for] a collection of formal approaches, 
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which seek to take explicit account of multiple criteria in helping individuals or groups explore 
decisions that matter’. In general, it allows for the consideration of a range of (potentially) 
conflicting criteria such as: technical, social, economic, and environmental criteria in order to 
facilitate choosing the optimal option from a range of alternatives (Diakoulaki and Karangelis, 2007; 
Hung et al, 2007; Adams and Ghaly, 2009). The term ‘optimal’ is potentially misleading as there are 
often a number of competing solutions that could be judged to be optimal, depending on how they 
are reviewed by the decision-maker. This is because there can be many different stakeholders, with 
varying priorities. Therefore, MCDM seeks to make explicit the balance of facts considered and make 
them open to review. In general, the role of MCDM is to provide a way of avoiding unforeseen 
consequences of prioritising one area over another. (Therefore, the resulting outcome adopted may 
actually be ‘sub-optimal’ when viewed against some priorities). MCDM allows for the comparison of 
different quantitative units (e.g. £, tonne, CO2e and so on) and qualitative measurements, for 
example high, medium, low, or red, amber, green that can be made semi-quantitative. Further, it 
allows for the integration of different scales (e.g. magnitude, time) for each alternative to allow the 
decision-maker to compare the alternatives to one another, and against Business As Usual (BAU). 
The option presenting the highest score, or highest aggregated index, identifies the ‘least bad’ 
option and makes explicit the biases in the decision process (Diakoulaki and Karangelis, 2007). This is 
endorsed in work by Adams and Ghaly (2009) who state that ‘solving a multi-criteria problem does 
not necessarily mean searching for one single option, but instead, offers guidance towards bringing 
more transparency into the problem and thus aiding, finding a solution’. 
A range of multi-criteria techniques have been developed since the 1970s, where initial models were 
simple optimisation analyses, for example exploring ways to optimise the logistical routes for the 
collection of waste (Hung et al, 2007). However, much progress has been made in the past 40 years, 
to examine a more complex and broader range of environmental problems, including: 
 Water quality and management (Huang et al, 2011) 
 Forest management (Mendoza and Martins, 2006) 
 Sustainable energy systems (Wang et al, 2009) 
 Demolition waste management strategies (Roussat et al, 2009) 
 MSW management strategies (Hokkanen and Salminen, 1997; Daskalopoulos et al, 1998; 
Hung et al, 2007; Herva and Roca, 2013).  
For the majority of these environmental problems, the goal of the studies has been to ‘broaden the 
evaluation perspective so as to incorporate all aspects that should guide the decision process’ 
(Diakoulaki and Karangelis, 2007). This is particularly important in the context of a DMF for waste 
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management, where the aim is to support local authority decision-making in terms of sustainable 
value. Furthermore, Zopoundis and Doumpos (2002) have suggested four reasons why MCDM may 
be considered as a suitable analysis technique: 
1. it allows the set of the best alternatives to be identified; 
2. the alternatives can be rank-ordered from the best to worst against a number of key criteria; 
3. the alternatives can be placed into pre-defined homogeneous groups; and 
4. the major distinguishing features of alternatives can be identified and compared. 
Deciding on the problem that is to be evaluated in an MCDM is often more important than the 
methods used to evaluate it (Guitouni and Martel, 1998). MCDM starts with an objective to be 
satisfied. More often than not, it is choosing a solution that is a compromise of all the criteria from a 
range of alternatives (Munda et al, 1994). These alternatives are ranked by a series of criteria (such 
as environmental, technical and social). The scoring of these criteria is used to measure the extent to 
which the management option meets the criteria and presents a fair and standardised way to 
compare alterative solutions against the criteria. This scoring can be calculated in a range of ways, 
for example using previous studies from the literature or logistic variables such as high, medium and 
low. The criteria are then given a weight. Weighting is an important step and is a measure of the 
‘importance’ of the criteria to the final objective. This means that criteria that are more important to 
the decision objective can be given a higher weighting in the final decision. This is often based on 
stakeholder preferences, such that criteria are weighted depending on what is important to the 
stakeholder. It is important to note that stakeholder preferences can be driven by a range of factors 
and in some cases these ‘preferences’ may not be rational, which can subvert the decision process. 
Much of the literature has addressed this by conducting interviews with relevant stakeholders to 
establish their preferences (Hung et al, 2007; Simôes-Gomes et al, 2008). Alternatively, balanced 
weighting of criteria may be more relevant to the decisions relating to sustainability where the 
outcome seeks to identify the triple bottom line ‘win-win-win’ option. 
Therefore, the primary focus of MCDM is on reaching a consensus decision that is acceptable to all 
stakeholders (Munda et al, 1994; Hokkanen and Salminen, 1997; Kiker et al, 2005; Linkov et al, 2006; 
Hung et al, 2007; Ness et al, 2007; Elghali et al, 2008; Karmperis et al, 2013; Antonopoulos et al, 
2014). The benefits of using MCDM have been outlined in the literature and are as follows:  
 Brings together people, processes and tools into joint considerations (Karmperis et al, 2013) 
 Can be used for comparison of alternative options (Antonopoulos et al, 2014) 
 Is flexible to the objectives to be satisfied as well as to the types of data to be used in an 
analysis. For example, it provides a framework that can accommodate imprecise data, 
  82 
together with both quantitative and qualitative data sources and a large number of 
stakeholders (Munda et al, 1994; Herva and Roca, 2013; Antonopoulos et al, 2014) 
 MCDM can be used in conjunction with other tools used to quantify various elements of 
sustainability, including cost-benefit analysis (Diakoulaki and Karangelis, 2007) 
 Potentially conflicting criteria (for example cost versus the environment) can be 
incorporated and compared (Antonopoulos et al, 2014) 
 Can be useful for combining environmental and economic information (Roussat et al, 2009) 
Of particular relevance to the current context is the work of Morrissey and Browne (2004), who 
suggest that a MCDM can provide a systematic approach to understanding waste management 
options, and help decision-makers better understand the problem(s) which they are trying to 
manage. On the other hand, as with all methodologies, there are limitations that must be considered 
if MCDM is to be used as part of this work. Firstly, weighting can be subjective and a change in 
weights may change the overall result (Morrissey and Browne, 2004). To overcome this, a sensitivity 
analysis could be carried out to understand the implications of changing such weights. A sensitivity 
analysis is a method to determine how different values of an independent variable will impact on 
the outcome within a given boundary. In this instance, exploring changes to the weighting will 
determine how sensitive the results are to changes in that weight. Moreover, results can sometimes 
be difficult for non-experts to interpret (Simôes-Gomes et al, 2008); therefore, a handbook that 
accompanies the results could be used to help appropriate decision-makers interpret the results 
more clearly (Ashley et al, 2003). This however, is not without its own bias. Alternatively, if the 
decision-makers could apply a simplified methodology themselves, with a clear guidance then the 
problem of interpretation could be overcome. For local authorities, this is an important because 
decision-makers must always balance their opinions, with that of contractors and residents. 
Consequently, it will be necessary to consider these viewpoints at each stage of the decision-making 
process. For waste management, MCDM tools do not always include minimisation and prevention 
options, this is entirely dependent on the objective being satisfied. Several MCDM models have been 
developed and thus ‘the type of model selected should suit the type of problem and available data’ 
(Vego et al, 2008).  
6.2.2 A Review of MCDM Methods  
There are several types of models that use MCDM methodologies. The first is Multi-Attribute Utility 
Theory (MAUT) including Weighted Sums and Multi-Attribute Value Theory methodologies, which 
involve the ordering of individual strategies, using numerical scores, to represent the degree by 
which one decision option might be preferred over other options, (Buchholz et al, 2009) depending 
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on the perspective of the stakeholder. The scores are developed for individual criteria and then 
aggregated to provide an overall result (Mendoza and Martins, 2006; Generowicz et al, 2011). Next 
are Goal, Aspiration, or Reference Level Models, which include Multi-Objective Modelling (Minicardi 
et al, 2008). These are used in situations where decision-makers find it difficult to express a 
compromise between alternatives, but instead express them in terms of satisfying a goal or 
aspiration. Mathematical algorithms are usually used to satisfy these types of multi-criteria decisions 
(Buchholz et al, 2009; Generowicz et al, 2011). Finally, there are Outranking Models. The outranking 
method is where alternative courses of action are compared pair-wise, initially in terms of each 
criterion, in order to identify the extent to which a preference for one over the other can be 
asserted (Mendoza and Martins, 2006). Examples of outranking methods include both Analytical 
Hierarchical Process and Analytical Network Process models. Often, outranking models are 
processed using computer programmes; the most commonly used in the literature are ELECTRE I-V 
and PROMETHEE (Takeda, 2001; Diakoulaki and Karangelis, 2007; Hung et al, 2007). 
Some examples of the use of MCDM in various disciplines are presented in Table 6.1, which also 
outlines the criteria used in these studies as well as the weighting methods (where applicable). In 
the context of waste management, the following studies are of particular interest. Firstly, Mincardi 
et al (2008) developed a multi-criteria decision support system, which focused on the importance of 
integrating economic, technical, legislative, and social aspects of a waste management system. This 
fits extremely well with the ‘Technologically, Economically, Environmentally, Practicable’ (TEEP) 
assessment requirements arising from the Waste England and Wales Regulations (as amended 
2011). Secondly, Hokkanen and Salminen (1997) utilised the ELECTRE III decision-aid, in order to 
choose a suitable management option for the Oulu region of Finland. The results of the work suggest 
that the methodology enabled decision-making at the local authority level to make effective use of 
imprecise data, whilst incorporating a large number of stakeholders, without being overly time 
intensive. Hokkanen and Salminen (1997) also discussed the level of involvement required from 
decision-makers, indicating that the ‘less the better’ was the attitude of participants in their work. 
This is useful to note, when considering the application of MCDM to local authorities, and suggests 
that a simplified methodology would be most appropriate. Munda et al (1994); Adams and Ghaly 
(2007); Salhofer et al, (2007) and Roussat et al (2009) have all applied MCDM methods to overcome 
some of the complexities decision-makers are faced with in waste management. 
Taken together, the literature suggests that MCDM has the potential to combine both qualitative 
data (for example, for the social impacts of management options) as well as quantitative data (for 
example, representing economic and environmental impacts) in order to rank options, offer 
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Table 6.1 – Summary of MCDM from the literature including a description of criteria and weighting methods used. 
Study Author Criteria and Sub-criteria Weighting Method Criteria indicator and data sources 
Analytical Hierarchical Process is 
applied to ranking mechanical 
biological treatment options for 
solid waste management. 
Outranking Model. 
Antonopoulos 
et al, 2011 
 Environmental: GHG, abiotic resource depletion, human toxicity, 
photo-oxidant formation, acidification, climate change. 
 Economic: capital costs, operational and maintenance costs. 
 Social: odour generation, number of employees in the waste 
treatment plants. 
Sensitivity analysis compared three alternative 
weighting factors: 
1. Equal weighting between all criteria. 
2. Only one criterion has 100% the rest have 0%. 
3. Two factors weighted at 50% the other at 0%. 
Environmental impacts were calculated using LCA 
techniques applied to the CML 2001 method 
(Leiden University, 2001). 
Equations from the literature were used to 
estimate both economic costs and social impacts.  
 
Application of ELECTRE III to aid 
decision-making for a demolition 
waste management strategy. 
Outranking Model. 
Roussat et al, 
2009 
 Environment: lost energy, depletion of resources, global warming, 
dispersion of dangerous substances into the environment. 
 Social: quality of life and employment. 
 Economy: financial cost of demolition and economic activity.  
Major category criteria are weighted equally 
consistent with the principles of sustainable 
development. However, sub-criteria were 
weighted dependent on their importance in 
relation to the other sub-categories in that 
grouping. 
All criteria results were calculated based on 
methodologies from the literature. 
Develops an evaluation method to 
aid local civic body decision-makers 
with regards to selecting the best 
municipal solid waste management 
option. 
Outranking Model, Analytic Network 
Model methodology applied. 
Khan and Faisal, 
2008 
 Civic agency; People; Operations and management; Social 
acceptance; Financial; Technical; Environmental feasibility; 
Personnel; Equipment; Community support; Political support; 
Capital cost; Operational cost; Budget control; Know-how; 
Technical implications; Rules and regulations; Location; Health 
and safety.  
 
Not Available. Not Available. 
Development of a sustainable 
decision-making model for 
municipal solid waste management 
incorporating public participation 
and conflicting stakeholder 
opinions. 
Outranking Model using adapted 
Fuzzy AHP methodology. 
Hung et al, 
2007 
 Technical: Maturity of technology and land demand. 
 Economic: Marketing, System benefits (profit from treatment 
units) and system costs (capital and operational costs). 
 Environmental: Ecological impacts, resource consumption and 
human health. 
 Social: Social justice, social welfare and social acceptability. 
Weighting determined using questionnaires to 
obtain stakeholder opinions.  
 
Environmental performance determined using 
LCA, eco-indicator 99, using SimaPro 5.1. 
Economic and technical calculated using data from 
the Bureau of Environmental Protection of Taipei 
City. 
Linguistic variables (very bad to very good) used to 
assess social criteria. 
Development of a decision-making 
framework using decision mapping 
as an application of MCDM in the 
context of the UK water industry. 
Part of the Sustainable Waster Asset 
Resource Decisions (SWARD) 
project.  
Outranking method. 
 
Ashley et al, 
2003 
 Social: impact on risks to human health, acceptability to 
stakeholders, participation and responsibility, public awareness 
and understanding. 
 Technical: performance of system, reliability, durability, flexibility 
and adaptability. 
 Economic: Lifecycle costs, willingness to pay, affordability, 
financial risk exposure.  
 Environmental: resource utilisation, service provision and 
environmental impact. 
Consultation with participates to determine 
the relative importance of the criteria to 
decision-making. 
Social criteria were determined based on door-to –
door questionnaires and consultation with 
employees.  
Economic criteria were measured based on 
estimated costs provided by an external 
consultancy. 
Technical criteria were modelled using mass 
balance methods. It also included consultation 
with staff. 
Environmental criteria were measured using 
lifecycle analysis methods. 
Application of the ELECTRE III16 
decision aid, for choosing a solid 
waste management system.  
Outranking Model. 
Hokkanen and 
Salminen, 1997 
 Economic:  capital costs, operating costs, revenues, net cost per 
ton*, net annual cost per household, financing arrangements. 
 Technical: feasibility operating experience, adaptability of local 
conditions, reliability, potential for future development. 
 Environmental: global greenhouse effects, air pollution and 
environmental hygiene. 
 Political: public acceptance. 
 Employment: number of employees. 
 Resource Recovery: products recovered, energy requirements, 
market potential and land usage. 
Uses ELECTRE III model where weighting is 
based on decision-maker preferences, using 
113 decision-makers who were in charge of 
environmental and technical affairs in 17 
regions.  
Economic costs calculated using real cost data for 
collection, treatment and income based on 
computed waste weights. 
Technical criteria were carried out by means of an 
expert questionnaire. 
Environmental criteria inferred by summing the 
impacts of each element considered in the system. 
The impacts for each criterion were calculated 
based on calculations in the literature. 
Comparative analysis of multiple 
MCDM methodologies for 
technology selection.  
MAUT using Bord method and 
Weighted sum method. 
Generowicz et 
al, 2011 
 Technical: existing infrastructure, distance from source. 
 Economic: outlay for infrastructure/equipment, cost of treatment. 
 Environmental: emissions, distance from end reprocessor, 
distance from source, amount of recyclables. 
 Socio-political: social conflicts, political constraints. 
Not Available. Not Available. 
Suitability assessment of anaerobic 
digestion and solar aquatic systems 
to extract value from process waste 
within the context of three different 
operation models. 
MAUT using Tetra software. 
Adams and 
Ghaly, 2009 
 Economic Risk: demonstrated technical success, percentage of 
available cash, available interest rates.  
 Economic Return: cost vs. gross revenue, payback period. 
 Environmental effects: compliance with regulation, opportunities 
for integration of outputs, Influence on other system chains, 
valuation of overall environmental protection. 
 Cultural Acceptance: level of technology transfer, management of 
familiarity. 
 Resource efficiency:  overall increase in resource use efficiency, 
Valuation of increased resource use. 
 Social Stability: opportunity for increased employment, Influence 
in surrounding communities. 
Weights used were based on interviews and 
surveys with stakeholders. Ranked the relative 
importance of various criteria. 
Assigned criteria minimum permissible 
weights, as the purpose of assessment was 
sustainability. 
Weighting of sub-criteria remained same in all 
assessments, regardless of the stakeholder.  
Each sub-criteria to rate alternatives was given a 
points scale of 0 to 100. Discrete values were used, 
e.g. Compliance with regulation: 100 points are 
given to technology that can bring a mill into 
compliance with specific regulations. 50 points are 
given to technology that has no effect or there are 
no pertinent regulations. 0 points are given to 
technology that can adversely affect a mill’s ability 
to meet appropriate regulations.  
Theoretical model for integrated 
municipal solid waste management, 
used to determine the optimal 
solution with the lowest minimum 
costs. Excludes the costs of 
collection and transport. 
MAUT. 
Daskalopoulos 
et al, 1998 
 
 Rates of energy consumption. 
 Rates of GHG emissions. 
 Net economic costs (total cost capital, operational and 
maintenance minus any revenues made from material sales 
including metals, compost, or commingled materials from a MRF, 
as well as electricity production from landfill gas. 
 Local tariffs paid for the consumptions of energy (electricity, 
diesel and gas). 
 Market prices. 
Preliminary weighting factors as stipulated by 
the authors are assumed (rate of energy 
consumption 0.5, global warming potential 
0.35 and net economic costs 0.15). However, 
the model user is required to modify the 
weighting values in order to comply with the 
particular objectives of their study. 
Simplex technique is used alongside an already 
developed computer programme. User must input 
data on GDP, population to estimate waste 
generation. User also defines characteristics of the 
waste management system including market 
prices, technical feasibility limits and, percentage 
of waste stream to be treated. This information is 
used to determine the optimal management 
scenario with the total minimal costs 
Review of MCDM methodologies for 
sustainable energy. 
Various model types. 
Wang et al, 
2009 
 Technical: efficiency, safety, reliability and maturity. 
 Economic: investment costs, operation and maintenance costs, 
fuel costs, electricity costs, net present value, payback period, 
service life. 
 Environmental: NOx, CO2, CO, SO2 emissions, particulate 
emissions, land use, noise. 
 Social: social acceptability, job creation and social benefits. 
Two options either Equal weights method, 
whereby each criteria is weighted at the same 
proportion, (1/n), n is the total number of 
criteria). This requires minimal knowledge of 
decision-makers preferences and requires 
minimal input from the decision-maker. 
Or, Rank-order (or subjective) weights 
(Analytical Hierarchical Processes and pair-
wise comparison) where priority is given to 
one indicator over another. 
Not Available. 
Integrated and transparent 
sustainability assessment using 
expert-stakeholder multi-criteria 
mapping approach to assess six 
possible hydrogen energy systems 
for the UK. 
 Uses novel foresight methodology.  
McDowell and 
Eames, 2007 
 Environmental: GHG emissions, local air quality, toxicity, local, 
regional and global impacts, carbon emissions, biodiversity. 
 Economic: affordability cost of fuel, impact on UK economy, cost 
competitiveness, capital investment, and business case feasibility. 
 Social: socio-political acceptability, social justice, usability, and 
acceptability/risk. 
 Energy Security: security of supply, resource scarcity, 
infrastructure. 
 Other: quality of supply, technical feasibility, flexibility and public 
safety.  
Determined by stakeholder participation for 
both primary and sub-criteria. 
Not Available. 
                                                        
16 ELECTRE III is a method used to rank problems by binary outranking relations. It is based on concordance: where alternative a outranks alternative b, if a sufficient majority of criteria in favour of alternative a. In addition, non-
discordance: when the concordance condition holds, none of the criteria in the minority should be opposed too strongly to the outranking of b by a (Hokkanen and Salminen, 1997). 
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guidance and transparency to decision-making problems. It also enables the identification of the 
most-preferential waste management option(s) available (Adams and Ghaly, 2007).  
Additionally, methodologies not considered above include ‘Game-theory’, which is suggested to be 
‘a sustainable way to model and analyse decision-making in multi-stakeholder situations’ (Karmperis 
et al, 2013). This involves the development of a series of mathematical models to analyse conflicts 
and cooperation between different stakeholders. However, the usefulness of such a methodology in 
the context of this project can be questioned. This is because it assumes stakeholders are satisfied 
with the outcomes they want, which may not be the case, particularly when solving ‘group’ 
problems. ‘Game-theory’ centres on reaching a solution that meets the needs of all stakeholders 
involved, doing so independently of alternative management options, and value adding activities 
available to those stakeholders, which is the direct antithesis of the current research. 
6.3 Methodology 
MCDM has been identified as a suitable methodology for appraising alternatives for solid waste 
management. Based on the literature review in Section 6.2, work by Munda et al (1994) and 
Niekamp et al (2014) suggested a generic methodology for MCDM: 
1. Definition of the problem to be solved. 
2. Generation of plausible management alternatives. 
3. Choosing the evaluation criteria. 
4. Identification of preferences of the decision-maker (weighting method). 
5. Choosing of the aggregation method. 
However, in considering the decision-making framework presented in Chapter 3 (Figure 6.2), the 
Local Authority Optimal Materials Management Framework (LAOMMaF), already deals with certain 
areas of MCDM, whose methodologies have been considered in previous chapters, for example: 
Step 1 – ‘Defining the problem’ was explored in Chapters 4 to 6. In work by Ashley et al (2003), they 
also consider a ‘review of performance’, although not traditionally included in MCDM; it is 
incorporated here in Step 1, to establish a baseline. This is because, understanding current 
performance will be very important later on in the analysis (Step 5) to check whether the alternative 
options being considered can provide an improvement over ‘BAU’.   
Step 2 – Understanding decision-makers’ preferences can be explored on a problem-by-problem 
basis; however, because this study focused on sustainable waste management options a generic 
weighting method will be discussed in Section 6.3.2.  
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Step 3 – Understanding the alternatives was explored in Chapter 4, by means of a SWOT analysis and 
therefore, this methodology will be used as part of the MCDM presented in this chapter.   
Step 4 – Choosing the evaluation criteria was also explored in Chapter 4. However, a formalised set 
of criteria that local authorities can choose from, in light of any waste management problem, will be 
defined in Section 6.3.1.  
Step 5 – The aggregation methodology17 has not yet been considered in this thesis and therefore will 
be explored in Section 6.3.2. 
As a result of the literature review in Section 6.2, it was decided that the Multi-Attribute Utility 
Theory (MAUT) would be used in this study. In particular, the weighted sum method was adopted, 
because it can translate units of economic, environmental, social, technical and political criteria into 
a single measurement and consequently one single value can be obtained to compare the merits of 
the various options identified (Niekamp et al, 2014). It also ensures easy comparison by a simple, 
single, non-monetary value representing the score of the alternatives. This is of particular 
importance to local authorities in their communication with the public (Linkov et al, 2006). Finally, 
MAUT also provides a well-structured approach to the assessment of alternatives (Kijak and Moy, 
2004), which is fundamental to this project of creating a decision-support tool for local authority 
decision-making. That is not to say, however, that MAUT does not have its limitations. It has been 
criticised for not rigorously developing weighting methods (Linkov et al, 2006). To overcome this, all 
primary criteria weightings employed have been made equal in order to enable the principles of 
sustainability to be incorporated, remembering that sustainability is a balance of the triple bottom 
line: social, environmental and economic. Further, sub-criteria weights were also equal. 
Other methodologies including goal aspiration and outranking were not considered suitable for local 
authority decision-making because outranking method algorithms are relatively complex and so are 
generally not well understood by the decision-maker (Linkov et al, 2006). Further, this would create 
particular difficulties for local authorities; it is likely that they would have to pay an external 
consultancy to deconstruct the results of the MCDM, leading to additional economic costs. 
Additionally, other methods typically require significant investments of time and resources of local 
authority officers, who may not have the skills to operate the associated mathematical models. In 
this study, the alternative with the maximum score is considered as the preferred option.  
In order to calculate the merits of alternative management options Equation 6.1 shows the weighted 
sum method used.  
                                                        
17 The Aggregation Methodology, is the way in which the different criteria will be combined to form one final score for an alternative, 
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Ci =∑ 𝑤𝑗𝑥𝑖𝑗
𝑛
𝑗=1
  i= 1, 2,…m                                                  (Eq 6.1)                                               
Where, n is the number of criteria, wj is weight of criteria j, xij is the performance of j
th criteria of the 
ith alternative, and m is the number of alternatives.  
6.3.1 Decision Criteria 
Table 6.1 presented a review of sustainability criteria included in the literature. Work by Wang et al 
(2009) has also provided guidance on how to select the primary criteria, this is because the 
assignment of criteria is not always consistent and will be industry dependent (Niekamp et al, 2014). 
Wang et al (2009) have suggested several principles for the transparent selection of criteria, these 
are the: 
1. Systemic principle – criteria should roundly reflect the essential characteristics and 
performance of the system in question. 
2. Consistency principle – criteria should be consistent with the decision-making objective. 
3. Measurability principle – criteria must be measurable as a quantitative value and/or 
qualitatively expressed. 
4. Comparability principle – criteria must be comparable to allow a rational decision to be 
made. 
Therefore, in this work and for local authority decision-making purposes, Table 6.2 shows the 
primary criteria and sub-criteria used in this study, along with the justification for use of these 
criteria. The criteria displayed are those considered relevant to all contexts of decision-making for 
waste management, based on the over-arching objectives of local authority waste management 
departments. For Surrey County Council (SCC) this includes: i) increasing waste recycling and 
reducing the amount of waste sent to landfill, ii) reducing spending on waste services, iii) developing 
a sustainable economy, and iv) transforming services for residents. The criteria were also drawn 
from the literature review in Table 6.1. An even weighting of the four primary criteria and even 
weighting of the sub-criteria was used in order to ensure a fairly weighted set of alternatives are 
presented.  
Once the criteria had been chosen, they were scored. The technique used by Adams and Ghaly 
(2009), was adapted and used in this study. Scoring was conducted on a point’s basis from 0 to 100. 
The scores were discrete values for all criteria. Further, criteria were not always appropriate for all 
decision-making objectives or problems and in these instances they were also scored zero points. 
This was to avoid the subjectivity associated with non-discrete values between 0 and 100.
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Table 6.2 – Criteria to be used for local authority decision-making.  
Primary 
criteria 
Sub-Criteria 
Criteria 
Indicator 
Data Collection Method Justification 
En
vi
ro
n
m
e
n
ta
l 
Material 
weights 
Total tonnes 
recycled and 
total tonnes 
disposed of. 
Local authority accessible data 
recorded on Waste Data Flow. 
Statistical data based on local 
authority national ranking provided 
by WRAP. 
Data is widely available. Amount of material (in tonnes) to each management option is widely used 
by local authorities to show resource recovery and recycling (Greene and Tonjes, 2014). 
Recycling rate Percentage 
recycled. 
Local authority accessible data 
recorded on Waste Data Flow 
(WDF). Statistical data based on 
local authority national ranking 
provided by WRAP. 
The recycling rate is measured as the total weight of material recycled divided by the total material 
collected and given as a percentage against total waste. It is indicative of how much material is being 
diverted from landfill and can identify how different management technologies compare. It is also an 
important indicator as outlined by the European Union, who set targets of recycling rates for 
countries and local authorities to achieve (WFD, 2008). 
Lifecycle 
greenhouse gas 
emissions 
 
Carbon 
equivalent 
emissions in kg 
CO2e. 
Use of third party emissions factors 
from e.g. Defra, academia and 
industry published data for the 
technology under investigation. 
Quantification of environmental impacts as identified in the literature including: Greene and Tonjes, 
(2014) and Gentil et al (2008). In addition, this indicator can be understood and communicated 
clearly by local authority decision-makers as it is widely used by UK companies (e.g. Ricardo-AEA), 
unlike other lifecycle impact categories (Wang et al, 2009). 
Compliance 
with regulations 
Yes or No Qualitative measurement as 
management options are either 
compliant or not.  
It is important that the management technology used is compliant with regulations otherwise local 
authorities can be challenged and subsequently fined by governing bodies, such as the Environment 
Agency, for example the WEaWR (2011). 
Recycling type Open or Closed Qualitative measurement through 
consultation with reprocessors. 
Different types of recycling have different environmental burdens; therefore, it is necessary to 
understand if changes to waste management practices will have an adverse effect on the 
reprocessing of recyclates and subsequent environmental impacts. 
So
ci
al
 
Job creation Number of new 
jobs created 
Estimates based on management 
system.  
Job creation is important for the local economy and will allow decision-makers to assess if the 
management system will have a positive or negative effect (Adams and Ghaly, 2009; Antopoulous et 
al, 2011; SCC, 2011). 
Quality of life  Positive or 
negative 
 
Qualitative measurement: is there 
a perceived positive or negative 
impact on quality of life, how 
substantial is this impact. 
It is essential that local authorities provide residents with waste services that adhere to their duty of 
care and do not negatively affect their quality of life. As such, a new management technology should 
not jeopardise this. If a new management technology causes negative impacts against the baseline, 
then this is classified as a negative effect (Roussat et al, 2009). 
Social 
acceptance 
Positive or 
negative 
Qualitative based on consultation 
with public. 
The public perception to waste management services can have a significant impact not only on the 
success of the system, but on whether or not the service will be implemented (Wang et al, 2009; 
Hung et al, 2007; Ashley et al, 2003). 
Usability  Participation Subjective measurement based on 
expected participation rates.  
It is important that residents are able to easily engage with new management techniques and 
systems in order ensure participation. For example the introduction of separate food collections will 
require residents to change their behaviour and consequently the usability of the service will be 
determined by the number of households that participate in the separation of food waste from the 
residual. 
Ec
o
n
o
m
ic
 
Capital costs  
Total capital 
cost of facility, 
(£) 
Financial data available on request 
from local authorities or estimates 
provided by external consultancies. 
Investment in new technologies is an important cost factor, especially in times when local authorities 
must reduce their budget. It is also important for local authorities to understand payback periods 
(Antopoulous et al, 2011). 
Operational 
costs 
Total 
operational 
costs per 
annum (£) 
Financial data available on request 
from local authorities or estimates 
provided by external consultancies. 
Operational costs of different management options help local authorities understand how much 
facilities cost to run on an annual basis. This is also related to how much annual profit they can 
expect to achieve (Antopoulous et al, 2011). 
Collection costs Total cost of 
waste 
collection, per 
annum (£) 
Financial data available on request 
from local authorities. Use of 
Kerbside Analysis Tool (KAT) 
developed by WRAP for estimating 
alternative systems. Or 
alternatively, estimates provided 
by external consultancies. 
The cost of collection and haulage is an important economic factor for local authorities, as they are 
under pressure from national government to reduce spending. Therefore, a management system, 
which increases these costs, may not be suitable. However, it is not advised to look at these costs in 
isolation from the rest of the system, this is because these costs may be offset by revenue generation 
further down the supply chain. These costs are directly related to the amount of material collected 
(McDowell and Eames, 2007). 
Haulage costs Total cost of 
waste haulage, 
per annum (£) 
Financial data available on request 
from local authorities and waste 
management companies. Can also 
use estimates from literature. 
Receptacle (e.g. 
bins, liners, 
caddies). 
Total cost of 
receptacles per 
annum (£) 
Financial data available on request 
from local authorities and waste 
management companies. Can also 
use estimates from literature. 
A new management technology may require local authorities to provide residents with receptacles to 
collect the waste, therefore understanding these cost helps to understand whether the system is 
feasible. 
Market security Secure outlet 
for secondary 
materials 
Subjective measurement using 
market research. 
The security of demand is important to waste management systems to ensure the material collected 
can be reutilised in the secondary commodities market (McDowell and Eames, 2007; Ashley et al, 
2003) 
Gate fee Total cost of 
waste 
treatment, per 
annum (£) 
Financial data available on request 
from local authorities and waste 
management companies. Can also 
use estimates from literature and 
widely published industry data. 
Gate fees are the biggest expenditure for local authorities in change of waste disposal and are 
therefore an important cost within the system. This cost is incurred based on the amount of residual 
material collected (Generowicz et al, 2011). 
Revenue 
generation 
Revenue 
generation, per 
annum (£) 
Use secondary materials prices for 
database such as Let’s Recycle. 
Revenue generation criteria can be used by all local authorities to make financial savings – this can 
offset the costs of collection, haulage, receptacle provision and gate fees. This is directly related to 
the amount of material that is recycled (Generowicz et al, 2011). 
Total system 
cost 
Annual cost of 
waste 
management 
system, (£) 
Summation of all factors. Total costs are essential to understand the balance between income and expenditure (Daskalopoulos 
et al, 1998; Adams and Ghaly, 2009; Hung et al, 2007). 
Te
ch
n
ic
al
 
Commercial 
viability in 
county of 
residence. 
Yes or no Qualitative measurement of 
whether or not the technology 
operational in the UK based on 
market research. 
It is important to understand if the technology in question is operational in the UK, as different 
countries particularly in Asia have different laws governing what is acceptable and what is not 
(Generowicz et al, 2011). 
Maturity Mature or 
infancy 
Qualitative measurement based on 
market research. 
It is important for local authorities to understand whether the technology is new to the market or has 
proven history, as it will allow them to understand the commercial viability of the technology. For 
example, technology only tested in the laboratory may not be appropriate to manage 20,000 tonnes 
of waste collected by a local authority (Hung et al, 2007; Wang et al, 2009). 
Existing 
infrastructure 
Yes or no Qualitative measurement based on 
market research. 
Depending on the type of management technology the provision of infrastructure can be positively or 
negatively perceived. In some instances, it may be a positive factor as it allows local authorities to use 
the facilities directly. However this could also be negative as the operator could change large gate 
fees. This criterion is context sensitive. 
Flexibility Yes or no Qualitative measurement based on 
communication with technology 
providers and academic and 
industry literature. 
Often technology has a long payback period, calculated by the amount of time it takes to pay off the 
capital investment and during that time feedstocks can change, therefore it is important the 
technologies can be flexible to feedstock changes (Ashley et al, 2003; McDowell and Eames, 2007). 
8
8 
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Table 6.3 – Criteria scoring and justification. 
Primary 
criteria 
Sub-Criteria Criteria Indicator Scoring Justification 
En
vi
ro
n
m
en
ta
l 
W
ei
gh
t 
= 
0
.2
5
 
Material weights  
Weight = 0.2 
Total tonnes of material 
stream recycled/reused and 
total tonnes of material 
stream disposed of. 
 25 points are given if less than 25% tonnes of material are recycled/ reused. 
 50 points are given if between 26-50% tonnes of material are recycled/ reused. 
 75 points are given if 51-75% tonnes of material are recycled/ reused. 
 100 points are given if 76% tonnes or more are recycled/ reused. 
Lowest scores are rewarded when lower tonnes of material are recycled or reused. The 
reason for this is because, local authorities are governed by recycling targets and 
management options, which achieve higher diversion from landfill, are deemed 
preferential18.  
Recycling rate  
Weigh = 0.2 
Percentage of total local 
authority materials 
recycled. 
 0 points are given if overall recycling rate for the local authority is reduced by 1% 
or more. 
 50 points are given if overall recycling rate for the local authority remains the 
same. 
 100 points are given if overall recycling rate for the local authority is increased by 
more than 1%. 
There are three score rankings in this case, the lowest points are awarded if the 
alternative system reduces the recycling rate as local authorities are set recycling 
targets which they must adhere to. 100 points are given for a 1% increase in recycling 
rates as this is a significant percentage increase in terms of total waste weights. 50 
points were awarded for no change. It is thought that this would provide suitable 
differentiation between different management options.  
Lifecycle greenhouse 
gas emissions 
Weight = 0.2 
Carbon equivalent 
emissions in kg CO2e. 
 0 points are given if alternative produces more carbon than baseline. 
 50 points are given if there is no change (also awarded to the BAU baseline). 
 100 points are given if alternative produces less carbon than baseline. 
There is a three-tiered ranking for carbon emission equivalents because it is a 
comparison to the BAU whereby any system with reduced emissions scores highly. Any 
system with increased emissions scores zero. This is because any increase in baseline is 
not favorable to the local authority. 
Compliance with 
regulations 
Weight = 0.2 
Yes, No, Not applicable.  0 points are given if alternative does not comply with legislation. 
 50 points are given to alternative that either has no effect or there is no 
legislation. 
 100 points are given if alternative complies with legislation. 
A three tiered ranking is used in this instance because there are only three possibilities, 
complies, doesn’t comply or not applicable. Compliance is awarded the highest score. 
Management type 
Weight = 0.2 
Disposal, thermal 
treatment, recycling, reuse 
and prevention. 
 0 points are given for disposal. 
 20 points are given for thermal treatment. 
 40 points are given for open-loop recycling. 
 60 points are given for closed-loop recycling. 
 80 points are given for reuse. 
 100 points are given for prevention. 
A five-tiered system is used in this system to mirror the categories of the Waste 
Hierarchy. Lowest scoring options relate to the lowest levels of the hierarchy. Even 
spacing of 20 points provides the best way explore the influence of moving up the 
hierarchy on the whole overall score. 
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Job creation 
Weight = 0.25  
Number of new jobs 
created. 
 0 points are given if there is a reduction in employment. 
 50 are given if no jobs are created, but greater security is given to those currently 
in employment. 
 100 are given if an increase (from BAU) in employment is made within the local 
authority community.  
A three-tiered system is used once more to clearly identify the difference between 
employment and reduced employment because this has an impact on the local 
economy. 0 points are awarded when there is loss of employment the lowest score. 
Whilst, the highest score (100) is given to an increase in employment as this has positive 
societal benefits. 
Quality of life  
Weight = 0.25 
Positive or negative. 
 
 0 points are given if there is a perceived negative effect on quality of life. 
 50 points are given if there is no perceived positive or negative effect on quality 
of life, 
 100 points are given if there is a perceived positive effect on quality of life. 
A three-tiered system is used to distinguish between positive, negative and neutral. The 
difference between positive and negative impacts, of 100 points, allows for the 
distinction to be reflected in the final score. 
Social acceptance 
Weight = 0.25 
Positive or negative.  0 points are given if there is a perceived negative social attitude towards the 
alterative technology or management system proposed. 
 50 points are given if there is neither a positive or negative attitude towards the 
alterative technology or management system proposed. 
 100 points are given it there is a perceived positive social attitude towards the 
alterative technology or management system proposed. 
The scoring system for social acceptance is done on the same premise as quality of life 
above: A three-tiered system is used to distinguish between positive, negative and 
neutral. The difference between positive and negative impacts, of 100 points, allows for 
the distinction to be reflected in the final score. 
Usability of service 
offered 
Weight = 0.25 
Participation.   0 points are given for low participation, less than 25% of households. 
 50 points are given for medium participation, between 26 – 59% of households. 
 100 points are given for high participation over 60% households. 
A three-tiered system is used to reflect the impact of low participation under 25% and 
high participation over 60%. No further categories are required, as their inclusion would 
not provide any additional use to the study. 
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Capital costs (will have 
distinct system 
boundaries) 
Weight = 0.11 
Total capital cost of facility, 
(£). 
 0 points are awarded if there is a payback period of > 10 years 
 50 points are awarded for payback period of between 5 and 10 years. 
 100 points are awarded for payback periods of >5 years, 
A three-tiered system is used to reflect capital costs of infrastructure; low scores are 
given to facilities that have a long payback period, as local authorities will not see a 
quick return on their investment. This is particularly important, as political terms of 
office are only 5 years. No further categories are required, as their inclusion would not 
provide any additional use to the study. 
Operational costs (will 
have distinct system 
boundaries) 
Weight = 0.11 
Total operational costs per 
annum (£). 
 O points are given it operational costs cannot be calculated. 
 50 points are given if operational costs are >50% of the total of the annual costs 
of the system.  
 100 points are given if operational costs are ≤ 50% of the total of the annual 
costs of the system.  
 
A three-tiered system is used to reflect the impact of operational costs. If costs cannot 
be calculated 0 points are awarded, this is the lowest score available. Not being able to 
calculate operating costs could have serious implications for the overall economic 
viability of that management option and therefore 0 points ensures the fairest outcome. 
100, the highest number of points, are given for low operational costs. No further 
categories are required, as their inclusion would not provide any additional use to the 
study. 
Collection costs 
Weight = 0.11 
Total cost of waste 
collection, per annum (£). 
 0 points given if costs cannot be calculated. 
 25 points are given if costs are ≥10% baseline costs.  
 50 points are given for no change in baseline costs (also awarded to the BAU 
baseline). 
 75 points are given if costs ≤ 10% of the baseline costs. 
 100 points are awarded if costs are reduce baseline costs by >25%. 
A five-tiered system is used to reflect the impact of collection and haulage costs. Again 0 
points are awarded if costs cannot be calculated to avoid providing a false positive 
result. The other points are evenly scored at 25, 50, 75 and 100 to represent high (25 
points) to low (100) costs as compared to BAU.  
Haulage costs 
Weight = 0.11 
Total cost of waste haulage, 
per annum (£). 
Receptacle costs  
Weight = 0.11 
Total cost of receptacles per 
annum (£). 
 0 points are given if receptacle costs are >10% of collection costs. 
 50 points are given if receptacles contribute ≤10% of collection costs. 
 100 points are given if no receptacles are required. 
A three-tiered scoring system was used for receptacle costs. High costs are indicated by 
the lowest number of points; whilst nil costs are awarded the highest number of points, 
as the lower the cost the more preferable the option. No further categories are 
required, as their inclusion would not provide any additional use to the study. 
Market Security 
Weight = 0.11 
Secure outlet for secondary 
materials. 
 0 points are given if no markets for materials can be identified. 
 50 points are given if markets can be identified by are not well established. 
 100 points are given for well-established outlet markets. 
A three-tiered scoring system was used for market security. A material that does not 
have an identified market is scored the lowest, whilst secure markets are awarded the 
highest number of points, as there is guaranteed sale of materials after treatment. No 
further categories are required, as their inclusion would not provide any additional use 
to the study. 
Gate fee 
Weight = 0.11 
Total cost of waste 
treatment, per annum (£). 
 0 points are given for gate fees over £100 per tonne. 
 50 points given for gate fees of between £99 and £51 per tonne. 
 100 points are given for gate fees less than £50 per tonne 
A three-tiered scoring system was used for gate fees. The lowest number of points 
indicates high costs; low costs are awarded the highest number of points. This is 
because high gate fees for the treatment of waste can be very expensive to local 
authorities. Lower gate fees represent the best financial outcome. No further categories 
are required, as their inclusion would not provide any additional use to the study. 
Revenue generation 
Weight = 0.11 
Revenue generation, per 
annum (£). 
 O points are given for no revenue generation. 
 25 points are given for revenues of up to £40 per tonne. 
 50 points are given for revenues between £41 and £199 per tonne. 
 100 points are given for revenues over £200 per tonne. 
A four-tiered system was used to score revenue generation. Revenue generation is a 
non-discrete variable, which has a large selection of values for different materials. Most 
materials command values of between £40 and £199 per tonne, therefore points were 
awarded on this basis. 0 points are awarded for no revenue generation and 100 points 
are awarded for very high revenue generation. 
Total system cost 
Weight = 0.11 
Annual cost of waste 
management system, (£). 
 0 points given if costs cannot be calculated. 
 25 points are given if total system costs ≥10% of baseline. 
 50 points are given for costs within +/10 % of baseline costs (also awarded to the 
BAU baseline). 
 100 points are given if total system costs ≤10% of baseline costs. 
A four-tiered system was used to score total costs. 0 points are awarded when costs 
cannot be calculated, as it would be unfair to award points on a speculative basis. 25 
points are awarded for costs that are higher than the current management system; this 
is because higher costs are the least favorable option. The same costs as BAU is 50 
points and 100 points are awarded for the largest number of points, as costs reduction 
is most favorable. 
Te
ch
n
ic
al
 
W
ei
gh
t 
= 
0.
25
 
Commercial viability in 
county of residence 
Weight = 0.25 
Yes or no.  0 points are given to technology used in any other country and not in the UK or 
Europe. 
 50 points are given to technologies used in Europe. 
 100 are given to technologies widely available in the UK.  
A three-tiered scoring system was used to assess commercial viability. Technology that 
is not available for local authorities to use is the least preferential option and awarded 0 
points. Whilst, 100 points are awarded to technology that is widely available to the local 
authority. 
Maturity 
Weight = 0.25 
Mature or infancy.  0 points are given if the alternative has only been tested at the laboratory scale. 
 50 points are given if the alternative has been used in small-scale operations. 
 100 points are given if the alternative is operational. 
A three-tiered scoring system was used to assess technology maturity. Technology that 
is only available at a lab scale would not be useful to a local authority and is awarded 0 
points. Whilst, 100 points are awarded to technology that is fully operational and that 
the local authority could use imminently. 
Existing infrastructure 
Weight = 0.25 
Yes or no.  0 points are given if there is no capacity in existing infrastructure.  
 50 points are given when there is infrastructure; however either capacity is 
unknown, or limited. 
 100 points are given if there is existing infrastructure with available capacity. 
A three-tiered scoring system was used to assess existing infrastructure. If there is no 
existing capacity then 0 points are awarded. Whilst, 100 points are awarded to 
infrastructure that has capacity that can be used by the local authority if they were to 
implement that management option. 
Flexibility 
Weight = 0.25 
Yes cost dependent or no.  0 points are given if technology is not flexible to changes in feedstock. 
 50 points are given to technology that is flexible, at a cost of 50% or more of one 
years profit. 
 100 points are given to technology that is flexible and costs less than 50% of one 
years profit. 
A three-tiered scoring system was used to assess technology flexibility. Technology that 
is not flexible to a change in feedstock is awarded 0 points. This is because it would be 
unusable if the composition of the feedstock were to change. Whereas, 100 points are 
awarded to technology that is flexible at a low cost, as this would allow local authorities 
to effectively manage materials even in light of composition changes. 
                                                        
18 NB. prevention is not included here as its weight is difficult to quantify. 
8
9 
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Additionally, scores were provided to measure how alternative(s) performed against BAU (also 
known as the baseline) for example, 50 points were awarded if the costs were within 10% of the 
baseline. The larger the score the more preferred the management alternative. A summary of these 
scores is shown in Table 6.3. Further, if the criterion was not applicable for all alternatives then it 
was awarded zero points. It can be noted that the number of sub-criteria under economics is higher 
than the other criteria; this is because there are several facets of costs that must be considered 
separately. For example, the revenue obtained for a material can be hidden in the total costs. 
Therefore, it is best to include all criteria (receptacles, haulage and collections costs) to enable a fair 
comparison between systems, which are not just based on final costs. An even weighting ensures 
criteria are fairly considered. A maximum score of 25 is possible for each primary criteria, therefore 
changing the number of sub-criteria in the economic primary criteria will not change the way it is 
weighted in comparison to the other three primary criteria. As such, the comparison of different 
technologies or management options will not be altered in terms of the way in which they rank. 
However, it may change the point differential between systems or technologies being compared. 
There is no impact on the order of the final ranking. On the other hand, the difference between the 
management options may not be large enough to easily distinguish which is the preferred 
alternative, therefore by allowing decision-makers to see the breakdown of results can help them in 
the decision-making process. It is important to note that the process herein has been used to 
establish the DMF as a valid methodology; therefore, values and weighting can be changed if there is 
evidence to suggest that this would improve the DMF.    
6.3.2 Weighting  
This study is concerned with satisfying the principles of sustainability and therefore all primary 
criteria were weighted equally at 0.25 each, Table 6.3. At the same time, the sub-category criteria 
were also weighted evenly depending on the number of sub-criteria included, i.e. if there are five 
sub-criteria then they will all have a weighting of 0.2. However, if there is substantial justification 
from the local authority decision-maker, then it is deemed suitable for the weighting to be altered 
accordingly. For example if the ‘external driver’ is to conform to legislation and the legislation 
stipulates that there must be an increase in the recycling rate of 10% within a certain time period, 
then that would be regarded as substantial justification to change the weighting. Although, it is 
suggested that a required minimum weighting of 0.2 should be applied to the primary social, 
environmental and economic criteria, so as to maintain consistency with the goals of sustainability. 
Also ensuring they maintain central to the decision-making process. In the case of local authority 
decision-making and the LAOMMaF being explored herein, it is also necessary to provide guidance 
on how local authorities should interpret these results. This is detailed in Section 6.3.3. 
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6.3.3 Understanding and Interpretation of MCDM  
Once the criteria have been calculated and weighted accordingly, it is necessary to aggregate and 
present the results in such a way that can be easily understood by local authority decision-makers. A 
matrix of total scores is presented, an example is provided in Table 6.4. The results are displayed in a 
table with the initial score as well as the score after weighting. The sum of each criterion is also 
provided. This is useful for the decision-maker to pick out the areas where performance of one 
alternative outweighs that of another. It is also useful if total scores are the same because it helps 
identify which criteria have the largest effect and why. It also aids communication with other 
stakeholders in the process, including residents and contractors.  
Table 6.4 – An example of ranking the performance of alternatives as compared to BAU. 
Primary 
criteria Sub-Criteria 
Alternative A Alternative B 
Score Score with 
weighting 
Score Score with 
weighting 
En
vi
ro
n
m
e
n
ta
l Material weights (0.2) 25 5 25 5 
Recycling rate  (0.2) 50 10 50 10 
Lifecycle GHG emissions (0.2) 0 0 0 0 
Compliance with regulations (0.2) 100 20 100 20 
Management type (0.2) 25 5 50 10 
 Total Environmental 10   11.3 
So
ci
al
 
Job creation (0.25) 50 12.5 0 0 
Quality of life (0.25) 0 0 50 12.5 
Social acceptance (0.25) 0 0 50 12.5 
Usability (0.25) 50 12.5 50 12.5 
Total Social 6.3   9.4 
Ec
o
n
o
m
ic
 
Capital costs (0.11) 0 0 50 5.5 
Operational costs (0.11) 75 8.3 75 8.25 
Collection costs (0.11) 50 5.5 50 5.5 
Haulage costs (0.11) 75 8.3 25 2.8 
Receptacle costs (0.11)  100 11 100 11 
Market security (0.11) 100 11 50 5.5 
Gate fee (0.11) 50 5.5 50 5.5 
Revenue generation (0.11) 25 2.8 50 5.5 
Total system cost (0.11) 75 8.3 75 8.3 
 Total Economic 15   14.4 
Te
ch
n
ic
al
 Commercial viability (0.25) 100 25 50 12.5 
Maturity (0.25) 100 25 50 12.5 
Existing infrastructure (0.25) 100 25 100 25 
Flexibility (0.25) 75 18.8 25 6.3 
 Total Technical 23.4   14.1 
 Total for Option 54.8  49 
One obvious approach that might be suggested is that the alternative with the highest score in 
comparison to ‘BAU’ should be the option implemented. For example in Table 6.4, there are two 
alternatives; based on total overall scores, option A is suggested to be the best compromise of 
options by 5 points (or 10%). Although this is simplistic, the local authority is also provided with the 
supporting evidence-base to allow them to make an informed decision. Further, both alternatives A 
and B can also be compared against ‘BAU’. 
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6.4 Unknown Knowns: A Theoretical Case Study  
6.4.1 Wood: A Complex Problem 
Surrey County Council (SCC) identified wood waste as a key material of interest in 2012 after the UK 
government announced its intention to hold a consultation on a ban of the disposal of wood waste 
in landfill. The reasons for a potential ban on wood waste to landfill included: ‘…improved collection 
and sorting infrastructure; legal certainty which could drive innovation and investment in 
infrastructure; more producer responsibility leading to less waste; greater diversion of wood waste 
from landfill on a faster trajectory and moving wood waste up the Waste Hierarchy…’ (Defra, 2013b). 
Therefore, for this case study, the primary external driver was potential changes in legislation. 
For SCC, the problem of wood waste extends beyond this potential change in legislation, as at this 
time there was considerable uncertainty in the data regarding how much was available for recovery 
and how much of the captured material could actually be recycled. This is because the feedstock of 
wood received at Surrey’s Community Recycling Centres (CRC) is not homogeneous. It usually 
comprises of wood off cuts from DIY projects, disused furniture, and a small proportion of wood 
packaging that is often of low quality (WRAP, 2005; WRAP, 2007b; Defra, 2012a). Consequently, the 
mixture of materials collected can vary significantly from one day to the next. As a result, it is very 
difficult to ensure a standardised material quantity and quality, and thus ensuring the security of 
supply of material to potential end markets, is complicated. Moreover, there are spatial and 
temporal restrictions at both transfer stations, and CRCs which mean the sorting of wood is not 
currently possible (Defra, 2012a). Being unable to separate wood waste into different categories 
depending on its quality causes problems for its reprocessing and recycling. This is because different 
types of wood can be treated in a variety of ways, which can both generate revenue and command a 
gate fee. This problem is exacerbated because wood waste does not have a universally agreed 
definition (Sander et al, 2004; Coombs, 2006). Thus, taken together, environmental, technical and 
economic drivers all suggest a need to use the DMF developed in this thesis to solve this problem. 
Preliminary data collection regarding areas including: energy consumption, in-feed material and 
emissions proved to be extremely difficult to obtain. Firstly, the range of facility operators contacted 
had not used Grade C wood as their feedstock and therefore could not provide emissions data 
related to that material. Additionally, facility operators were unwilling to provide the data required 
due to confidentiality and some required non-disclosure agreements to be adhered to, which would 
not have been suitable for this project. Finally, the operators who were willing to share data 
required financial reimbursement, which was not possible and because of this it was decided that 
this avenue of research would no longer be feasible. The purpose of this case study therefore, was 
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adjusted to provide an example of how local authorities can use the decision-making framework to 
construct decisions on complex management problems, when they are unable to obtain primary 
data. In particular, this work focuses on the final stages of LAOMMaF, the options appraisal. The 
MCDM methodology outlined earlier in this chapter was used to identify the most appropriate 
management system for SCC’s wood waste.  
6.4.2 Establishing a Baseline 
The first step of the case study was to understand the amount of wood waste available in the 
county. An extensive literature review established that there was no universally agreed definition for 
‘wood waste’ found within the household waste stream (Sander et al, 2004). Many different 
definitions had been used to describe the term ‘wood waste’ making it difficult to establish a precise 
definition of what the term means and precisely what materials it refers to. In some cases ‘wood 
waste’ had been used to describe process off-cuts from manufacturing (Rivela et al, 2006; Zhong et 
al, 2010). In other cases ‘waste wood’ referred to post-consumer products (Werner et al, 2002; 
2007; Puy et al, 2010). In light of this, the term ‘waste wood’ used in this case study is based on the 
grades defined by WRAP (2007), Table 6.5. These grades are determined by the wastes’ quality and 
are synonymous with its recyclability. However, the WRAP definition did not cover the entire waste 
stream, because some of this waste may be products which are in a suitable condition to be reused. 
Thus, an additional category of reuse (A*) was been added. It is important to note that virgin timbers 
are not classified as a waste and were not included in the following discussion.  
In line with LAOMMaF, once a complex waste stream has been identified, it is then necessary to 
establish the quantity of material available and its composition. Consequently, a composition 
analysis was conducted, using the specification outlined in Chapter 5. This was applied to a county 
wide waste composition analysis carried out on the entire household waste streams (both at the 
kerbside and CRCs), using the categories of wood waste defined in Table 6.5. This allowed for the 
identification of the amount and types of wood available within Surrey. The results suggest that out 
of the 21,000 tonnes of wood waste produced, the largest proportion was ‘Grade C’ at 78 wt. %, 
(16,500 tonnes) followed by ‘Grade A’ 13 wt. % (2,500 tonnes) ‘Grade A*’ 8 wt. % (1, 700 tonnes) 
and ‘Grades B and D’ of less than 2 wt. % combined (approx. 400 tonnes) (Figure 6.3). 
Of this waste current estimates suggest that 76 wt. % was treated by recovery, 12 wt.% was recycled 
and 12 wt.% was disposed of in landfill, 2012 to 2013 (SCC, 2013b) the cost of this to SCC equated to 
£1.8 million. Based on these treatment figures (but excluding any transportation) and using Defra 
emissions factors (2011) approximately 1.2 million kg CO2e savings are made annually from the  
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Table 6.5 – Definition of wood waste grades  
Wood Waste 
Grade 
Definition 
Typical Sources of 
Raw Material  
Treatment in line with the Waste 
Hierarchy 
A* Furniture that is suitable to be 
upcycled or used directly. 
Office furniture 
Household furniture  
Reuse or prepare for reuse. 
A  
 
‘Clean’ Solid softwood and hardwood 
off-cuts from manufacturing/ joinery, 
packaging waste, scrap pallets, 
packaging cases and cable drums. 
 
Distribution 
Retailing 
Packaging 
Secondary 
manufacture 
Pallets 
Recycling into products such as 
animal bedding, horticultural 
mulches and the panel board 
sector. Or for fuel in non-WID 
biomass installations, or 
manufacture of pellets/briquettes. 
B 
 
Industrial Feedstock Grade wood from 
construction and demolition industry 
as well as those identified above. 
As above 
Construction and 
demolition industry 
Recycling as a feedstock for 
industrial wood processing 
operations such as the 
manufacture of panel products, 
including chipboard and medium 
density fiberboard. 
C 
 
Fuel Grade wood waste including 
material in Grade B as well as flat pack 
furniture made from medium density 
fibreboard, chipboard, plywood and 
fiberboard that make up damaged 
household goods (such as kitchen 
units, desks, chairs, tables) and include 
high contamination rates.  
As above 
Municipal collections 
Recycling centres 
Transfer stations  
Community Recycling 
Centres (CRCs) 
Recovery as biomass fuel for use in 
the generation of electricity and/or 
heat in WID compliant installations. 
D 
 
Hazardous wood waste that is not 
suitable for other disposal routes due 
to the treatment preservatives that 
have been used. 
All of the above, 
including additional 
fencing, track work 
and transmission pole 
contractors 
Requires disposal at specialist 
facilities. 
 
 
 
Figure 6.2 – Estimated composition of wood waste, by grade, for 2012 to 2013. 
Grade A*, 7.7% 
Grade A , 12.7% 
Grade B, 1.1% 
Grade C, 78.3% 
Grade D, 0.1% 
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current treatment of wood waste. Given the information provided in establishing the baseline, it was 
then necessary for decision-makers at SCC to determine whether or not these factors were 
significant to warrant further research. As such, the decision was made to proceed with the study, 
because the material represented a substantial quantity of waste that may be better managed to 
reduce treatment costs and improve environmental performance. 
6.4.3 Are Alternative Management Options Available? 
After the decision was made that current impacts were significant, it was then necessary to proceed 
to the next stage in the DMF: ‘are alternative management options available?’ Figure 3.3. For wood 
waste, there are many potential treatment options, but such treatments vary depending on the 
different grades of wood being managed, outlined in Section 6.4.2. For the high grade, A* and A 
wood waste reuse, or recycling are the preferred treatment options. However, because wood has 
relatively low embodied energy (energy consumed in extraction) coupled with a high calorific value 
its use as a fuel generally conveys a greater greenhouse gas benefit than recovering the material as a 
resource (and avoiding primary production) (Defra, 2007b). It is worth noting that this is only the 
case when the facility used for generating the fuel is fitted with the appropriate environmental 
protection equipment to prevent harmful toxins being released. The potential treatment options are 
outlined in Table 6.6. 
Grades A* and A can usually be treated by all of the methods outlined, but, because of its high 
quality, ideally the material should be reused in the first instance and recycled where this is not 
possible (Table 6.6). For Grades B and C waste, in special cases, some materials maybe reused or 
recycled, however as a general rule Grades B and C are most suitable as an industrial feedstock for 
pyrolysis, gasification, co-firing in traditional coal fired power stations and traditional disposal 
options including Energy from Waste (EfW) and landfill. However, treatment of this kind is only a 
suitable option if the facilities are fitted with the appropriate technology to treat the gases before 
they are emitted. These technologies are covered under the Waste Incineration Directive (WID) 
(2000/76/EC), which stipulates that facilities must be fitted with the appropriate flue gas treatment 
technologies to prevent harmful substances, including: dioxins, sulphur and nitrogen oxides, being 
released into the atmosphere in large quantities. In the UK, these technologies are heavily regulated 
by the Environment Agency (EA), which requires such facilities to have environmental permits in 
order to operate. Such environmental permits place limits on the amount of emissions that can be 
released. A breach of these limits can result in substantial fines and potential facility closure. In 
addition, it is important to note that the use of gasification as a treatment technology is mostly  
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Table 6.6 – Summary of possible treatment options for wood waste of different grades (Table 6.5). 
Waste Hierarchy 
Position 
Treatment Description 
Most Desirable 
 
Least Desirable 
Reuse Is the process whereby a material or product is used again in the same form. In 
this instance Grade A* materials including floorboards, window frames and 
furniture would be suitable for reuse (Dimache et al, 2010).  
Recycling Is the process where a material is treated or processed so that it can be used in 
the manufacture of new products. Wood is often recycled into panel board, 
animal bedding and for application on land. Generally only Grade A wood can be 
recycled because it has fewer contaminants than lower grade wood (Mayo, 
2013). 
Pyrolysis Is an advanced thermal treatment of waste where the material is decomposed by 
heat in the absence of oxygen (Fodor and Klemeš, 2012). As a result charcoal, 
char, liquid and gaseous products are created. Generally low-grade woods (B and 
C) are most suited to this process, however it can process all grades of wood. 
Gasification Gasification is also a process of thermal decomposition of waste. Unlike pyrolysis, 
gasification occurs in the presence of limited amounts of oxygen. The products of 
gasification are a mixture of combustible and non-combustible gases (Arafat et al, 
2013). These gases are cooled, cleaned and can be used directly or for energy 
generation. Suitable for any unsorted wood, mostly Grades B and C. 
Biomass Is the combustion of organic matter for energy generation. Often this matter 
comes in several forms: virgin wood, energy crops, agricultural residues, 
Industrial waste and co-products from manufacturing and industrial processes. In 
the current context only Grade A wood is suitable for this process (Defra, 2007c).  
Co-firing Is a combustion process in which two different products are combusted at the 
same time, often it is a fossil fuel mixed with an alternative fuel source, which is 
generally renewable or residual. Grades B and C waste are suitable for this 
process. 
EfW 
(Incineration 
w/ energy 
recovery) 
Is the combustion of waste materials into ash, flue gas and heat. All grades can be 
incinerated, however the process is most suited to B and C. 
Landfill Is the burial of waste, usually in specific sites that are subject to the restrictions of 
the Landfill Directive (EC, 1999).  
suitable for heterogeneous wastes (Grimshaw, 2014) and because of this, its use for treating 
separated wood waste will not be considered in this study.  
Grade C wood may, like Grade B, in some special cases, be reused, but it is has been prohibited by 
the EA for use in recycling as a result of PAS104, which has outlined a minimum acceptable standard 
for waste wood recycled into panel boards (WRAP, 2007c; AEA, 2011). Landfill and EfW options are 
the current treatment methods employed for residual wood waste and are the least favourable 
options (Magin, 2001) when considering the Waste Hierarchy, Figure 2.2. Finally, Grade D waste, 
which is hazardous, can only be treated by specialist disposal. Specialist disposal refers to landfills 
that have specific waste acceptance criteria for hazardous waste and must not be confused with 
conventional landfills. 
Table 6.7 shows the treatment options available to manage Grades C wood waste. These were 
pyrolysis, combined heat and power (CHP), EfW and landfill. For treatment using CHP or EfW where 
wood is contaminated, the facilities must be compliant with the WID (EC, 2000) as discussed 
previously. Furthermore, for CHP facilities, the Grade C wood must be combined with higher grades 
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of wood (or additional feedstock) in order for the plant to reach the optimum calorific value to allow 
the facility to operate efficiently.  
Table 6.7 – Summary of treatment options by grade of wood 
Grade Reuse Recycling Biomass Pyrolysis Gasification Co-firing+ CHP EfW Landfill * 
Specialist 
Disposal 
A* X X  X X X  X X  
A X X X X X X X X X  
B  X*  X*  X X X X X X  
C    X X  X X X  
D          X 
+ WID compliant facility only. 
* With energy recovery. 
Consequently, further work in this area will now consider treatment options for Grade C waste only. 
This is because it accounts for 78 wt. % of the wood waste available in Surrey. Additionally, unlike 
Grades A* and A, the best option for the treatment of Grade C waste has not been researched either 
by SCC or in the academic literature. Further, there are only minimal proportions of Grade B and D 
recorded in the waste stream; therefore, it was considered unnecessary to investigate these 
materials further. 
6.4.4 Evidence-Based Quantification of Alternatives 
As has been outlined in Section 6.4.3, the treatment of Grade C wood is restricted by UK legislation 
for use as feedstock in recycling and because of this recovery is the only treatment method 
considered herein. From Table 6.7, there are four management options available for the treatment 
of wood waste (excluding gasification on grounds stated previously). These are: pyrolysis, CHP, EfW, 
and landfill with energy recovery. Unfortunately, it was not possible for wood waste management 
options to be quantified using primary data from facility operators; therefore, it was necessary to 
review the relevant literature in order to develop a suitable evidence-base. To give the research 
structure, information was gathered for the four suitable management options, in accordance with 
the decision criteria presented in Table 6.2.  
From the available literature, many studies have used LCA to quantify the environmental impacts of 
household waste management (Freed et al, 1993; Liamsanguan and Gheewala, 2008; Banar et al, 
2009; Gunamantha and Sarto, 2012; Koroneos and Nanaki, 2012). However, there is little published 
data concerned with wood waste from households and in particular Grade C wood waste or 
pyrolysis as a treatment option. Economic data was also scarce and where possible, widely available 
data from WRAP was used. For social impacts, assessments were more subjective than the other 
categories, focusing on the publics past attitudes to technologies. With that in mind, the available 
literature was used to carry out the MCDM analysis in accordance with the methodology outlined
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Table 6.8 – Quantification of evidence-base using available literature for the four options. 
Criteria Score and Justification 
Primary 
criteria 
Sub-Criteria Baseline (BAU) Landfill EfW Pyrolysis CHP 
En
vi
ro
n
m
e
n
ta
l 
Material weights 
(0.2) 
25 points are awarded, as no 
material is recycled using 
this technology. 
25 points are awarded, as no material 
is recycled using this technology. 
25 points are awarded, as no 
material is recycled using this 
technology. 
25 points are awarded, as no 
material is recycled using this 
technology. 
25 points are awarded, as no material is recycled using 
recycled using this technology. 
Recycling rate  
(0.2) 
50 points are awarded, as 
there is no change to the 
overall recycling rate for 
Surrey. 
50 points are awarded, as there is no 
change to the overall recycling rate 
for Surrey. 
50 points are awarded, as 
there is no change to the 
overall recycling rate for 
Surrey. 
50 points are awarded, as 
there is no change to the 
overall recycling rate for 
Surrey. 
50 points are awarded, as there is no 
change to the overall recycling rate 
for Surrey. 
Lifecycle 
greenhouse gas 
emissions (0.2) 
50 points awarded, as this is 
the baseline. Split between 
landfill and EfW as currently 
recorded, equates to  -
12,361,000 kg CO2e (Defra, 
2011c). 
Zero points awarded, as landfilling of 
all wood was substantially increases 
the amount of carbon released. All 
wood waste to landfill would equate 
to 16,639,000 kg CO2e (Defra, 2011c). 
100 points are awarded, as 
there would be an estimated 
annual carbon saving of 5 
million kg CO2e. All wood 
waste to EfW would equate to 
-17,157,000 kg CO2e (Defra, 
2011c). 
Zero points are awarded as the 
carbon saving for pyrolysis is 
estimated to be -210,000 kg 
CO2e (EPI, 2011). 
50 points are awarded. There was no 
easily accessible data to infer carbon 
savings from CHP; however, the 
assumption was made that the saving 
would be similar to EfW. 
Compliance with 
regulations (0.2) 
Zero points are awarded the 
use of landfill could be non-
compliant in future. 
Zero points are awarded, as there is a 
potential to ban wood waste from 
landfill, which would make this option 
invalid. 
100 points awarded as 
currently compliant with 
legislation. 
100 points awarded as 
currently compliant with 
legislation. 
100 points awarded as currently 
compliant with legislation. 
Management 
type (0.2) 
Zero points awarded as some 
material is still sent for 
disposal. 
Zero points awarded, as this 
treatment is disposal. 
20 points awarded, as this is a 
form of thermal treatment.  
20 points awarded, as this is a 
form of thermal treatment.  
20 points awarded, as this is a form of 
thermal treatment.  
So
ci
al
 
Job creation 
(0.25) 
50 points awarded as there 
is no data available so 
assumed the same for all 
technologies. 
50 points awarded as there is no data 
available so assumed the same for all 
technologies. 
50 points awarded as there is 
no data available so assumed 
the same for all technologies. 
50 points awarded as there is 
no data available so assumed 
the same for all technologies. 
50 points awarded as there is no data 
available so assumed the same for all 
technologies. 
Quality of life 
(0.25) 
50 points awarded, as there 
is no impact on residents 
QoL as the technologies are 
heavily controlled by the EA. 
50 points awarded, as there is no 
perceived impact on residents QoL as 
the technologies are heavily 
controlled by the EA. 
50 points awarded, as there is 
no perceived impact on 
residents QoL as the 
technologies are heavily 
controlled by the EA. 
50 points awarded, as there is 
no perceived impact on 
residents QoL as the 
technologies are heavily 
controlled by the EA. 
50 points awarded, as there is no 
perceived impact on residents QoL as 
the technologies are heavily 
controlled by the EA. 
Social acceptance 
(0.25) 
Zero points are awarded as 
public perception continues 
to be negative towards EfW 
(planning refusals and public 
opposition - in the case of 
the Guildford incinerator). 
Zero points are awarded, as the 
public perception towards landfill is 
negative, because of wasting 
resources (Cabinet office, 2002). 
Zero points are awarded as 
public perception continues to 
be negative (planning refusals 
and public opposition - in the 
case of the Guildford 
incinerator). 
50 points awarded, as there is 
no expected negative public 
perception to the use of this 
technology. (This may not be 
the case if SCC were to suggest 
operating this facility within 
Surrey). 
50 points awarded, as there is no 
expected negative public perception 
to the use of this technology. (This 
may not be the case if SCC were to 
suggest operating this facility within 
Surrey). 
Usability of 
service offered 
(0.25) 
75 points are awarded, as 
CRCs are available to all 
households. In 2012/13 99% 
of wood waste was recorded 
at CRCs. 
100 points are awarded, as CRCs are 
available to all households. In 
2012/13 99% of wood waste was 
recorded at CRCs. 
100 points are awarded, as 
CRCs are available to all 
households. In 2012/13 99% of 
wood waste was recorded at 
CRCs. 
100 points are awarded, as 
CRCs are available to all 
households. In 2012/13 99% of 
wood waste was recorded at 
CRCs. 
100 points are awarded, as CRCs are 
available to all households. In 
2012/13 99% of wood waste was 
recorded at CRCs. 
Ec
o
n
o
m
ic
 
Capital costs 
(0.11) 
Zero points awarded, as 
capital costs are not included 
in the scope of this study as 
costs are borne by third 
party operators. 
Zero points awarded, as capital costs 
are not included in the scope of this 
study as costs are borne by third 
party operators. 
Zero points awarded, as capital 
costs are not included in the 
scope of this study as costs are 
borne by third party operators. 
Zero points awarded, as capital 
costs are not included in the 
scope of this study as costs are 
borne by third party operators. 
Zero points awarded, as capital costs 
are not included in the scope of this 
study as costs are borne by third 
party operators. 
Operational costs 
(0.11) 
Zero points awarded, as 
opex is not a concern for the 
study in question. These 
costs are included in the gate 
fee and offset to third 
parties operating the facility. 
Zero points awarded, as opex is not a 
concern for the study in question as 
these costs are included in the gate 
fee and offset to third parties 
operating the facility. 
Zero points awarded, as opex is 
not a concern for the study in 
question as these costs are 
included in the gate fee and 
offset to third parties 
operating the facility. 
Zero points awarded, as opex is 
not a concern for the study in 
question as these costs are 
included in the gate fee and 
offset to third parties 
operating the facility. 
Zero points awarded, as opex is not a 
concern for the study in question as 
these costs are included in the gate 
fee and offset to third parties 
operating the facility. 
Collection costs 
(0.11) 
Zero points awarded, as 
collection costs are not a 
concern for the study as 
householder delivers wood 
waste to CRC facilities. 
Zero points awarded, as collection 
costs are not a concern for the study 
as householder delivers wood waste 
to CRC facilities. 
Zero points awarded, as 
collection costs are not a 
concern for the study as 
householder delivers wood 
waste to CRC facilities. 
Zero points awarded, as 
collection costs are not a 
concern for the study as 
householder delivers wood 
waste to CRC facilities. 
Zero points awarded, as collection 
costs are not a concern for the study 
as householder delivers wood waste 
to CRC facilities. 
Haulage costs * 
(0.11) 
50 points awarded, as this is 
baseline. 
75 points awarded, as costs are lower 
than BAU as haulage distance is 
substantially reduced.  
25 points awarded as material 
is shipped further than BAU 
and as such incurs higher 
costs.  
 Zero points awarded as no 
costs available, as no site 
exists. 
 75 points awarded, as haulage costs 
will be less. 
Receptacle costs 
(0.11)  
100 points are awarded, as 
receptacles are not required 
for this service. 
100 points are awarded, as 
receptacles are not required for this 
service. 
100 points are awarded, as 
receptacles are not required 
for this service. 
100 points are awarded, as 
receptacles are not required 
for this service. 
100 points are awarded, as 
receptacles are not required for this 
service. 
Market security  
(0.11) 
100 points awarded as 
electricity from both EfW 
and combustion of landfill 
gas has a steady market 
(despite price fluctuations). 
100 points awarded as electricity has 
a steady demand (despite price 
fluctuations, the market still 
remains). 
100 points awarded as 
electricity has a steady demand 
(despite price fluctuations, the 
market still remains). 
100 points awarded as 
electricity has a steady demand 
(despite price fluctuations, the 
market still remains). 
100 points awarded as electricity has 
a steady demand (despite price 
fluctuations, the market still 
remains). 
Gate Fee (0.11) 
Awarded 50 points as gate 
fee is approximately £96 / 
tonne. Actual total costs for 
2012/13 provided by SCC at 
£1.8 million.  
25 points awarded, as cost per tonne 
is over £100. Total costs of £2.1 
million at £101 / tonne, as per WRAP 
gate fee report, (2013/14). 
50 points were awarded, as 
gate fee was £97 / tonne, as 
per WRAP gate fee report 
(2013/14). 
50 points were awarded as the 
gate fee was suggested to be 
the same as that of EfW 
(£97/t), based on work by 
Riccardo AEA for SCC. 
50 points were awarded as the gate 
fee was suggested to be the same as 
that of EfW (£97/t), based on work by 
Riccardo AEA for SCC.  
Revenue 
Generation (0.11) 
Zero points awarded as there 
are no revenues obtained. 
Zero points awarded as there are no 
revenues obtained. 
Zero points awarded as there 
are no revenues obtained. 
Zero points awarded as there 
are no revenues obtained. 
Zero points awarded as there are no 
revenues obtained. 
Total System Cost 
(cost per 
tonne)**(0.11) 
50 points awarded BAU. 50 points awarded, haulage is less, 
but gate fees are more than BAU. 
 25 points are awarded as 
increased haulage makes EfW 
more expensive than BAU. 
 Zero points awarded, as total 
costs cannot be calculated. 
 100 points awarded as costs would 
be 10% less than BAU, haulage is 
closer and so too is the gate fee. 
Te
ch
n
ic
al
 
Commercial 
viability (0.25) 
100 points awarded these 
technologies are currently in 
use. 
100 points awarded these 
technologies are currently in use. 
100 points awarded these 
technologies are currently in 
use. 
25 points are awarded as 
small-scale only in the UK 
including: BEL at Newton-le 
Willows, EPi in Wiltshire, 
University of Sheffield (McKay, 
2011; Defra, 2007c).  
100 points awarded, as there are 
several facilities (MVV Kent, Tilbury 
Green Power, Essex). Not currently 
widely available for grade C wood 
waste in the UK, but have had 
successful implementation across 
Europe (Biomass Centre, 2012; MVV, 
2013). 
Maturity (0.25) 
100 points awarded as both 
technologies are operational. 
100 points awarded, as the 
technology is operational. 
100 points awarded, as the 
technology is operational. 
50 points awarded for small-
scale operations. 
50 points awarded for small-scale 
operations. 
Existing 
Infrastructure 
(0.25) 
100 points awarded, as there 
is existing infrastructure and 
capacity. 
100 points awarded, as there is 
existing infrastructure and capacity. 
100 points awarded, as there is 
existing infrastructure and 
capacity. 
Zero points are awarded, as 
there are no commercial 
facilities available. 
 
50 points are awarded, as there is 
infrastructure available but capacity is 
limited/unknown. 
Flexibility (0.25) 
75 points awarded as all 
types of waste can be 
managed in this way. 
 100 points awarded as all types of 
waste can be managed in this way. 
100 points awarded as all types 
of waste can be managed in 
this way. 
 25 points are awarded as the 
technology is set up specifically 
for wood waste. Not as flexible 
as EfW and Landfill. 
25 points are awarded as the 
technology is set up specifically for 
wood waste. Not as flexible as EfW 
and Landfill. 
*Modelled using distance to facility for total weight of material converted into fuel usage and priced at current price per litre, for diesel, minus tax. 
** Sum of haulage and gate fees. 
9
8 
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in Section 6.3. The scores awarded and their justifications are shown in Table 6.8. In some instances 
where the criteria were not appropriate for all technologies, zero points were awarded, for example, 
the collection costs, capital costs, and operational costs. 
6.4.5 Results and Analysis 
From Table 6.9, the technologies scored as followed: 
1. EfW scoring 61/100 
2. Combined Heat and Power scoring 54/100 
3. ‘Business As Usual’ scoring 53/100 
4. Landfill scoring 51/100 
5. Pyrolysis scoring 37/100 
Thus, based on the scoring it is suggested that EfW would be the most suitable management option 
for Grade C wood waste in Surrey. Initially this was a surprising result as EfW treatment falls at the 
lower end of the Waste Hierarchy (Figure 2.3). The primary reason for this was that EfW 
outperformed all other technologies for environmental impacts with respect to the carbon savings 
that could be achieved. However, in terms of the economic criteria alone, EfW did not perform as 
well as the BAU or CHP cases. This was due to higher haulage costs associated with transporting the 
material to AEB, an EfW facility in Amsterdam, currently used by SCC for residual waste treatment. 
An assessment of landfill alone was included in this study to understand if there would be any 
negative impacts to SCC if a ban of wood waste to landfill was implemented (also allowing SCC to 
understand if this ban would be justified). The results in Table 6.9 showed that landfill ranked forth 
out of all the alternatives considered. It scored 4 points for the environment, the lowest of all 
categories. Pyrolysis was ranked last out of all five alternatives, scoring the least number of points 
for the economic and technical categories. The reason for this is that research did not identify any 
commercially operated pyrolysis facilities and therefore realistic costs could not be determined. 
However, these results support further research and development of this technology. The CHP 
alternative came second in the rankings, scoring highest (along with pyrolysis) for the social criteria, 
this is because the public perception associated with these facilities is generally more positive than 
traditional EfW and landfill options. Additionally, CHP also scored highly for the environmental 
criteria. However, CHP did not score as well for the technical criteria because there are relatively few 
facilities that have a proven record of accomplishment for commercial operation in the UK. For SCC, 
this means that the optimal management option of Grade C wood waste would be to ensure that all 
waste was sent to EfW for treatment, because of the large carbon savings when compared to the 
alternatives, the technology is proven and there is existing infrastructure that is able to process this 
material. Further, the gate fee is lower than that of landfill. 
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Table 6.9 – Results of the MCDM scoring and subsequent weighting. 
Management Option Baseline (BAU) Landfill EfW Pyrolysis  CHP 
Primary 
criteria 
Sub-Criteria Score 
Score with 
weighting 
Score 
Score with 
weighting 
Score 
Score with 
weighting 
Score 
Score with 
weighting 
Score 
Score with 
weighting 
En
vi
ro
n
m
e
n
ta
l 
Material weights (0.2) 25 5 25 5 25 5 25 5 25 5 
Recycling rate  (0.2) 50 10 50 10 50 10 50 10 50 10 
Lifecycle greenhouse gas emissions 
(0.2) 50 10 0 0 100 20 0 0 100 20 
Compliance with regulations (0.2) 0 0 0 0 100 20 100 20 50 10 
Management type (0.2) 0 0 0 0 20 4 20 4 20 4 
Total Weighted 6.3   3.8 14.8   9.8   12.3 
So
ci
al
 
Job creation (0.25) 50 13 50 13 50 13 50 13 50 13 
Quality of life (0.25) 50 13 50 13 50 13 50 13 50 13 
Social acceptance (0.25) 0 0 0 0 0 0 50 13 50 13 
Usability of service offered (0.25) 100 25 100 25 100 25 100 25 100 25 
Total Weighted 12.5   12.5 12.5   15.6   15.6 
Ec
o
n
o
m
ic
 
Capital costs (0.11) 0 0 0 0 0 0 0 0 0 0 
Operational costs (0.11) 0 0 0 0 0 0 0 0 0 0 
Collection costs (0.11) 0 0 0 0 0 0 0 0 0 0 
Haulage costs (0.11) 50 6 75 8 25 3 0 0 75 8 
Receptacle costs (0.11)  100 11 100 11 100 11 100 11 100 11 
Market security (0.11) 100 11 100 11 100 11 100 11 100 11 
Gate fee (0.11) 50 6 25 3 50 6 50 6 50 6 
Revenue generation (0.11) 0 0 0 0 0 0 0 0 0 0 
Total System cost (0.11) 50 6 50 6 25 3 0 0 100 11 
Total Weighted 10   10 8   7   12 
Te
ch
n
ic
al
 
Commercial viability in county of 
residence (0.25) 100 25 100 25 100 25 0 0 100 25 
Maturity (0.25) 100 25 100 25 100 25 50 13 50 13 
Existing infrastructure (0.25) 100 25 100 25 100 25 0 0 50 13 
Flexibility (0.25) 100 25 100 25 100 25 25 6 25 6 
Total Weighted   25.0   25.0   25.0   4.7   14.1 
Total for Option 53.4 50.9 60.5 36.9 53.6 
% 53% 51% 61% 37% 54% 
1
00
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6.5 Discussion 
Local authority waste managers are faced with wide ranging and complex set of problems, for which 
they must find the most appropriate solutions. In this work MAUT, a methodology derived from 
MCDM has been proposed as a suitable support tool to aid sustainable decision-making. The 
methodology was successfully applied to a case study of household wood waste. Results showed that 
of the potential treatment options, EfW treatment would be most suitable, based on a score of 
61/100, the next option was combined heat and power 54/100. However, a limitation of this work is 
that the final decision is still subject to decision-maker preferences, in which they may decide to opt 
for a lower scoring alternative. This is particularly the case when there are two options with the same 
score but differing impacts. In such instances, it is suggested that local authorities reconsider their 
priorities and chose the option that fits most appropriately with their priorities of the organisation. 
Local authorities are able to make these informed decisions as they have a structured evidence-base 
from the MCDM and as such are able to justify any of their decisions to the stakeholders involved.  
Alternatively, benefits of this methodology to SCC are that they will be able to use it for other 
complex materials, such as healthcare waste, where both material quantities and management 
options are known. The MCDM methodology will also allow SCC to explore the implications of new 
technologies, to determine whether they would provide a benefit over current practices. 
Additionally, the methodology can also be used to understand how political changes will influence 
waste management practices, particularly in terms of SCCs compliance to legislation. Finally, the 
methodology is also adaptable to the generation of new knowledge, meaning that if, and when new 
knowledge becomes available; the points scoring system can be adapted accordingly.   
6.6 Summary 
In this chapter, Multi-Criteria Decision-Making (MCDM) had been suggested as a methodology to 
support local authority decision-making. The weighted sum methodology, from Multi Attribute Utility 
Theory (MAUT) was developed. The chapter also identified key criteria from the literature that would 
be relevant to make informed waste management decisions in line with sustainability goals. The 
methodology was then applied to a case study of wood waste. This case study was useful in several 
ways. Firstly, it was evidence of a ‘real-life’ issue faced by many local authorities – a lack of data 
availability. This method proved valuable in relation to the data-deficient problem associated with 
Grade C wood waste as was described in Section 6.4.1. The key novelty of the work presented here is 
that no available literature studies have assessed different types of household wood waste (and 
specifically Grade C), in relation to appropriate management options from the perspective of a local 
authority. Secondly, it allowed the MCDM methodology to be used in a case study where there were 
varying degrees of knowledge – ‘Unknown Knowns’ – as discussed in Chapter 3. It also demonstrated 
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that thermal treatment and not recycling could, in some instances, be a more suitable management 
option to: i) ‘do least harm’, ii) provide an acceptable balance of risk, and iii) provide best value (both 
environmentally and economically). These are all important elements of the research, which 
together with those from previous chapters have been used to refine the decision-making 
framework.  
The methodology developed herein will be applied to a problem ‘Known Knowns’ (as defined in 
Chapter 3) in Chapter 7, which assesses the compliance of district and borough councils collection 
systems with the Waste England and Wales Regulations (as amended 2011).  
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Chapter 7 - Known Knowns: Technically, Environmentally, 
Economically, Practicable Waste Management 
7.1 Introduction 
One of the most significant drivers for local authorities waste management is legislation and –
specifically for this project – the Waste England and Wales Regulations 2011 (WEaWR) (as 
amended). This regulation requires all those responsible for the collection of Municipal Solid Waste 
(MSW) to separately collect paper, glass, metals and glass if it is ‘Technically, Economically, 
Environmentally, Practicable’ (TEEP) to do so. Therefore, there is an imminent need for local 
authorities to assess the sustainability credentials of their current waste management systems. 
As will be recalled from Chapter 3, a Decision-Making Framework (DMF) that can be used by local 
authorities, in order to enable them to make evidence-based sustainable decisions was developed. 
However, on application to Absorbent Hygiene Products in Chapter 4, several areas were identified 
as needing development. The purpose of this was to fill gaps both within the in the literature and 
within local authority knowledge. For example, a materials-based composition specification was 
developed in Chapter 4, to provide a way for local authorities to better understand the material 
available to them. Finally, a Multi-Criteria Decision-Making (MCDM) methodology to appraise waste 
management options using Multi-Attribute Utility Theory (MAUT), coupled with a scoring method 
was designed in Chapter 6. On completion of this research, the framework presented in Chapter 3 
has been amended accordingly; Figure 7.1(a) and (b). The significant differences are:  
i) the process now begins with the influence of an external driver; 
ii) a baseline of all impacts, inclusive of material quantity is now considered; 
iii) a pre-assessment of management options is suggested, and  
iv) an options appraisal has been added which enables local authorities to understand how 
alternative options compare to ‘Business As Usual’ (BAU).  
As a result, the application of the revised DMF to the WEaWR (as amended 2011) and the necessary 
‘TEEP’ assessments is presented in this chapter.  
7.2 Background 
7.2.1 The External Driver – Legislation   
The Waste Framework Directive (WFD) (2008/98/EC) set the precedence for waste management 
across Europe and this has subsequently been devolved to national and sub-national (local) 
government institutions. This study focuses on the part of the WFD relating to Section 28, which 
states that: 
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Figure 7.1 (a) – LAOMMaF, Version 1.           Figure 7.1 (b) – LAOMMaF, Revised Version 2.  
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 ‘This Directive should help move the EU closer to a ‘recycling society’, seeking to avoid waste generation and 
to use waste as a resource. In particular, the Sixth Community Environment Action Programme calls for 
measures aimed at ensuring the source separation, collection and recycling of priority waste streams. In line 
with that objective and as a means to facilitating or improving its recovery potential, waste should be 
separately collected if technically, environmentally and economically practicable, before undergoing recovery 
operations that deliver the best overall environmental outcome. Member States should encourage the 
separation of hazardous compounds from waste streams if necessary to achieve environmentally sound 
management’. 
In the text above, (taken directly from Section 28), it can be seen that the WFD stipulates that local 
authorities must offer a separate collection for ‘priority waste streams’, which are the materials 
stated in the directive; paper and card, glass, metals and plastics. Consequently, local governments 
across England and Wales and waste management companies must now consider the Waste England 
and Wales Regulations (WEaWR) (as amended 2011). The ‘Waste Regulations’, which aim to 
promote high quality recycling and move us towards becoming a ‘recycling society’, require any 
organisation that collects waste to undertake a variety of assessments to determine what the most 
suitable collection method is, by January 2015. This is particularly important, as there are also 
significant penalties for non-compliance, including: 
 A judicial review of an organisation’s collection systems 
 Compliance, stop, and/or restoration notice from the Environment Agency (EA) 
 Potential payment of damages (likely to be a reprocessor or group of reprocessors) 
In terms of waste collection, the regulations require organisations to collect paper and card, metal, 
plastic and glass separately, unless it is not necessary to ‘facilitate or improve recovery or recycling’ 
and/or, it is not ‘Technically, Environmentally, Economically and Practicable’ (TEEP) to do so. In this 
context, practicable means that the collection method is ‘practical’ to carry out, for example, there is 
the technology to sort material based on the way it has been collected. The purpose of this is to 
ensure that the waste collected is processed to best effect in line with the WFD (EC, 2008). Most 
importantly, there is an expectation that any waste collected complies with the Waste Hierarchy 
(Chapter 2). The Waste Hierarchy, Figure 2.2, emphasises the preferred options of reuse and 
recycling over incineration and landfill (EC, 2008; Defra, 2007a; 2011b). This piece of legislation 
requires local authorities to think beyond the traditional disposal methods for waste, encouraging 
sustainability for ‘a triple bottom line win-win-win’ (Burström and Korhonen, 2001). The purpose of 
which is to reduce: economic expenditure, environmental burdens, dependency on material imports 
and as a result, make a positive contribution to the overall standard of living of the community. As 
has been discussed by Thorneloe et al (2007), determining the means of waste management is not 
straightforward and it is about understanding the trade-offs between different components of the 
 
 
 106 
waste management system. When assessing collection methods it is also necessary to consider the 
‘at least do no harm’ option, where inaction or the status quo may be preferential to action or a 
change that could introduce unforeseen negative impacts on the overall reuse and recycling 
systems. 
Compliance with the WEaWR, (as amended 2011) are more difficult than might be expected. There 
is uncertainty around how to comply with them, particularly as guidance on the methodology for 
assessment is lacking. Defra the organisation tasked with supporting waste management activities in 
the UK have not issued any form of clarification. However, a Waste Resources Action Plan (WRAP) 
led consortium of local government networks, have produced a ‘Route Map’ to help local authorities 
assess their compliance with the regulations. The regulations are further complicated when the 
complexity of the ‘Waste Supply Chain’ and the range of stakeholders included in the management 
of each material stream, are considered. In addition, each stakeholder can have a variety of distinct 
roles and responsibilities within the collection and disposal of the household waste stream. 
Moreover, when it comes to the collection and disposal agreements, these can be managed either 
in-house by the local authority or carried out by a third party contractor. Materials are then sent for 
sorting and from there on to a range of potential reprocessors, where tracking the material and 
understanding its end destination becomes extremely difficult.  
7.2.2 Waste Collection Systems 
There is little published literature on the environmental or economic benefits and drawbacks of 
different collection methodologies. Many papers discuss the implications of transport and in 
particular, the impacts of collection (Sonesson, 2000; Ozeler et al, 2006; Banar et al, 2009; Zhao et al, 
2009; Hong et al, 2010; Boskovic et al 2013; Tulokhonova and Ulanova, 2013), but few consider the 
wider implications of source-segregated (multi-stream) and commingled (single-stream) collections. 
Even where ‘source-segregated’ or ‘source-separated’ collection methods are considered, there is 
confusion in the literature about how this interchangeable term is defined. In some instances, it has 
been used to mean ‘mixed dry recyclable’ material (paper, metals, glass and plastics) that is 
collected separately from the residual (Calabrò, 2009; Larsen et al, 2010; Lavee and Nardiya, 2013). 
Additionally, this can also include the separate collection of ‘wet recyclable’ materials such as food, 
organics, too (Lave et al, 1999; Boer et al, 2007; Larsen et al, 2010; Maria and Micale, 2014). On the 
other hand, it has been used to describe truly source-segregated dry recyclates, where paper and 
card, plastics, metals, and glass are separated by householders into individual containers prior to 
collection by the local authority (Hyder Consulting, 2008; London Borough of Camden, 2010; 
Fitzgerald et al, 2012). In this study, source-segregated will mean the latter.  
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Fitzgerald et al (2012) considered the greenhouse gas emissions (GHG) or ‘carbon footprint’ of a 
commingled verses source-segregated collection system (as defined above). They found that 
commingled collection methods provided a larger environmental benefit in the form of an additional 
avoided 711 kg CO2e/MT than a source-segregated system. Thus, finding that increased recycling 
rates and associated increases in the production of recyclable commodities, were the responsible 
factors. Their study did not consider the cost implications of the two systems. Similarly, Hyder 
Consulting (2008) also completed a carbon assessment of commingled and source-segregated 
materials. The results were consistent with Fitzgerald et al (2012) finding that commingled 
collections systems reduced the carbon intensity by 8.4 kg CO2e per tonne of waste as compared to 
a source-segregated system. The reason for this was the higher yield of materials collected by a 
commingled system. Further, the costs were also not considered in this study. Finally, a study by 
ADAS on behalf of the London Borough of Camden (2010) concerning the collection of waste to the 
shipment of recycling for reprocessing, found that a commingled system had a larger carbon 
footprint of 37.4 kg CO2/tonne, compared to 21.1 kg CO2/tonne for the source-segregated 
alternative. However, the study did find that when the collection systems alone were compared, the 
source-segregated collection method had a larger carbon footprint by 32%. In other words, whilst 
significant CO2e savings can be made, by choosing a particular recycling option, there will often be 
additional environmental burdens associated with the increased frequency of waste collections. The 
reason why this distinction is important is that the type of recycling activity can be changed in light 
of these results in order to reduce the carbon impact. However, the collection systems carbon 
impacts cannot be reduced. It is important to note here that the difference in system boundaries can 
have significant impacts on the outcomes of the study; this will be discussed further in Section 7.4.2. 
With this in mind, the purpose of this study was to understand the implications of different 
collection methods from the point of collection to the final disposal. This includes understanding the 
quantity and quality of materials collected by each method, the costs, and revenues available, as 
well as which collection system has the better environmental and social profile.  
7.2.3 A Review Waste Management Decision-Making Tools 
In order for local authorities to decide upon suitable waste management systems, many authors 
have developed decision support systems (Herva and Roca, 2013). This section explores the 
decision-making tools that have been used to illustrate the environmental, social, and economic 
impacts of different waste management practices.   
Firstly, EASEWASTE (Environmental Assessment of Solid Waste Systems and Technologies), a model 
developed in Denmark (Kirkby et al, 2006) is a holistic tool used in the evaluation of overall resource 
 
 
 108 
consumption and environmental impacts of solid waste systems using Lifecycle Assessment (LCA). It 
can be applied to local, regional or national scale systems depending on the purpose of the study in 
question (Manfredi et al, 2011). A limitation of this model for local authorities is that it requires 
specific software to be used. The issues with this are twofold: first, unless local authority managers 
are trained to use the specific software then the results will be meaningless, and secondly the 
software may be expensive to buy (as it is not available freely online).  
The next tool considered is CO2ZW (Carbon Footprint Tool for Waste Management in Europe) 
developed in Spain. This is a carbon footprinting tool designed specifically for waste managers and 
waste management in Europe (Farreny et al, 2013; Itoiz et al, 2013). In this instance, environmental 
emissions from local authority waste collection systems to the final disposal were included, exclusive 
of any infrastructure required. The emissions were calculated using the summation of total 
treatment methods (landfill, anaerobic digestion, plus the credits for material and energy recovery) 
as kilograms of carbon dioxide equivalents (kg CO2e) in order to provide total annual emissions for 
the local authority. It is at the user’s discretion as to whether or not they wish to include emissions 
from collection vehicles and further modes of transport. The model is for use at the local level. The 
model was developed using Excel®, which may be useful to local authorities as most have access to 
the Microsoft package and training is readily available. On the other hand, because there is a 
requirement on waste managers to collect transportation data to calculate tonne kilometre 
emissions, there may be a large margin for error, particularly if the local authority is not in Greece, 
Italy, Slovenia, and Spain, countries for which the model has an inventory. No case studies applying 
this methodology could be found in the literature. 
The LCA-IWM (LifeCycle Assessment – Integrated Waste Management) assessment tool has also 
been commonly used. This tool is the only one outlined here to consider assessment criteria based 
on the wider principles of sustainability, by the inclusion of social and economic assessments of the 
impacts of the waste management system (Itoiz et al, 2013). This tool supports decision-making in 
relation to waste planning at the local authority level. Similar to the other tools, the LCA-IWM 
applies user-defined scenarios relating to storage, collection, transportation, and treatment of 
waste. The tool requires input data regarding the background system to be collected by the user, 
however default values from Europe are included. Environmental emissions using the LCA 
methodology CML 2001 were used to determine the environmental impact. Estimated costs for 
economic efficiency, equity and dependence on subsidies are used to calculate the economic 
impacts of the waste management system. Finally, the social impacts are both quantitatively and 
qualitatively assessed and then given a score between 0 and 1 (Boer et al, 2007). Local authorities 
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may have difficulty interpreting the results of the LCA-IWM method, particularly in relation to the 
environmental impacts, because most are not familiar with the outputs of LCA methodologies and 
how these results translate into aspects that they could relate to in practice. Additionally, because 
the final results are not aggregated, it is likely that a decision made by a local authority would be 
swayed in favour of lowest economic costs, as this is the traditional process employed for local 
authority decision-making (Williams, 2015). 
There is also an LCA computer model, WIZARD, (Waste Integrated Systems Assessment for Recovery 
and Disposal) which has been applied to model environmental impacts of waste management. The 
tool was developed in the 1990s by the Environment Agency and reflects the driving legislation at 
the time, the Landfill Directive (1999/31/EC), subsequently the model focuses on the impacts of 
removing waste from landfill (Emery et al, 2007). It is not clear if this tool could be used to 
understand the implication of different collection systems or to understand the implications of 
‘open’ and ‘closed-loop’ recycling on environmental emissions, economic and social costs. However, 
Emery et al (2007) have applied the WIZARD model, in conjunction with a more detailed economic 
cost calculation. In doing so, they were able to determine the costs of using different collection 
vehicles, as well as the costs of thermal pre-treatment and incineration. Although costs were 
included, it was not clear if these costs were comparative to each of the environmental impacts and 
there was no social assessment included. This makes it very difficult to understand what parts of the 
system have the largest impact on sustainability.  
Similarly to the LCA-IWM, the ORWARE (ORganic WAste REsearch) tool considers using a joint LCA 
and Lifecycle Costing (LCC) methodology to evaluate the future impacts of different waste 
management systems (Sonesson, 2000; Reich, 2005). As will be recalled from Chapter 2, LCC is an 
economic approach, used to analyse the economic effects of a product, process, or activities over 
their lifecycle, discounted over time (Karmperis et al, 2013). This model has been applied to assess 
different combinations of management technologies to reduce the dependency on landfill, for 
managing municipality waste in Sweden (Eriksson et al, 2005). Although the tool was successfully 
applied, some limitations were identified. Firstly, unrealistic separation rates of 70% were applied 
and as such do not provide a true representation of the environmental and economic benefits (or 
dis-benefits) as compared to landfill. In relation to this study, the ORWARE tool would not be 
applicable, as it does not include the impact of different types of recycling. In addition, the study 
does not consider the implications of transporting the waste abroad; instead, they consider 
transport ‘outside of the municipality’. This could have significant impacts on the outcome of the 
study when considering economic costs. Finally, gate fee and revenues costs for treatment methods 
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were not fully considered, and because this is an area of particular interest to local authorities in 
relation to the Waste Regulation (as amended, 2011) the methodology in its current form would not 
be useful. 
Finally, the Environment Agency (EA) developed WRATE (the Waste and Resource Assessment Tool) 
for the assessment of UK waste management systems. The tool seeks to model the whole lifecycle of 
waste from collection to final management. Once again, this tool is designed to utilise user-defined 
inputs to make the outcome realistic (Golder Associates, 2015). The model has been criticised for 
present day use, due to the inclusion of outdated information. Moreover, similar to the issues 
outline for the EASEWASTE tool, WRATE also requires specialist software to be purchased from a 
consultancy firm and as such may be expensive to the local authority and will require specialist 
training. 
In summary, the tools presented here have several drawbacks in relation to their application to this 
project. These are: 
1. The relevance of scenarios used for assessing the three pillars of sustainability. The majority 
of models here are concerned with environmental factors only.  
2. Their relevance to local authority experience, both in terms of users and geo-political 
considerations 
3. The usability of the models in terms of data gathering and the analysis of outcomes. 
4. The meaningfulness of results to local authority decision-makers, as many of the models lack 
a methodology for the aggregation of the indicators into a single sustainability score. 
Therefore, what follows in this chapter is a methodology for the quantification of the different 
elements of sustainability as outlined in LAOMMaF. Environmental impacts are calculated using a 
version of LCA, carbon footprinting, as discussed in Chapter 2. The economic assessment is carried 
out using a simplified LCC methodology inclusive of revenues and expenditure, building on work in 
Chapter 4. Finally, the social assessment uses the criteria developed in the MCDM as defined in 
Chapter 6. The work presented herein will also consider how the DMF has been applied and how it 
should interpreted by local authorities.  
7.3 Case Study Area 
Local authorities in the UK are influential in resource efficiency initiatives (Beigl et al, 2008; Reid et 
al, 2008) and need to assess the implication of the WEaWR (as amended, 2011). In order to 
understand the regulations and to assess compliance, Surrey, has been used here as a case study. 
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Eight of the districts within the county have been assessed19. The characteristics of these districts 
were included in Chapter 3 (Table 3.3b) some of the key features included: 
 Seven out of eight districts operated commingled systems, although all are slightly different.  
 Epsom and Ewell, operated a hybrid collection system, where some materials (paper, cans 
and glass) were collected separately and plastics, cardboard and cartons were commingled.  
 All districts operated a fortnightly residual collection.  
 The number of households modelled was a proportion of the total of the households in each 
district as flats and high-rise buildings were excluded from the study20.  
 The level of rurality for each district was ranked 2, 4, and 6, consistent with the affluence of 
Surrey (WRAP, 2015a).  
It was necessary to include this information in the study as it allowed for the definition of the 
different systems to be modelled – this is further explained in Section 7.4. 
7.4 Methodology 
7.4.1 Introduction 
Chapter 3 showed that collection practices, waste composition and onward treatment facilities vary 
widely across the eight districts considered herein. Therefore, in order to assess the compliance of 
their current management systems with the WEaWR (as amended 2011) this study has considered 
three collection system scenarios. These were: 1) the current collection systems, 2) an optimised 
commingled (OCM) collection systems, and 3) an optimised source-segregated (OSS) collection 
system. The current collection system was modelled to provide a baseline to help determine if 
separate collections passed the ‘Technologically, Economically, Environmentally, Practicable’ (TEEP) 
test. The optimised source-segregated collection system was the ‘default’ collection system 
advocated by WEaWR (2011). Finally, the optimised commingled system was modelled to provide a 
fair comparator against an optimised source-segregated collection system and to highlight areas 
where the existing collection system could be improved21. In this context, optimised, means a 
collection system that uses the closest ‘closed-loop’ facilities for waste reprocessing, as defined by 
the data collected for all the districts in the study. It also refers to upper weights of material, which 
can be expected for these different collection systems based on their rurality and affluence (WRAP, 
2014b). 
                                                        
19 Out of the three remaining districts one did not wish to be involved in the study and two were delayed in providing the data required in 
time to be included in the work. 
20 These property types were excluded from the study as their collection systems vary from that of the rest of the district. Data associated 
with these properties is inadequate for this study and should be assessed separately outside of this study. 
21 Comparison of the current systems with only an OSS collection would not have provided a fair test. This is because the current collection 
systems had sub-optimal performance.  
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Further to understanding the sustainability implications of different collection methodologies, each 
scenario assessed: the amount of ‘closed-loop’ recycling materials produced, practicability, recycling 
rates and compliance with the Waste Hierarchy. Three methodologies were combined; these were i) 
economic modelling of the costs and revenues of each collection system, ii) environmental 
modelling of the collection, transportation and subsequent treatment of the materials collected for 
both recycling and residual collection rounds, iii) social qualitative assessment of the attributes of 
each collection system, as compared to ‘Business As Usual’ (BAU). The combination of these 
assessments was used to provide an assessment of compliance with the legislation. Table 7.1 
provides a summary of the material weights used in each of the assessments. The current collection 
scenario used actual weights for 2013 to 2014, as provided by each of the districts (SCC, 2014). For 
the optimised commingled and source-segregated collection systems, material weights were 
calculated using average ‘top quartile’ capture rate data provided by WRAP (2014b).  
Table 7.1 – Weight summary for recycling and residual proportions of waste by district for each scenario. 
Scenario 
Material 
Weights (t) 
Elmbridge 
Epsom and 
Ewell 
Guildford 
Mole 
Valley 
Spelthorne 
Surrey 
Heath 
Waverley Woking 
Current 
System 
Recycling 11,875 6,195 12,224 8,557 7,851 9,792 11,722 6,923 
Residual 17,705 12,869 18,076 13,111 16,570 9,307 17,406 11,626 
Total 29,580 19,064 30,301 21,668 24,421 19,099 29,128 18,549 
Optimised 
Commingled 
Recycling 13,764 7,205 13,784 9,878 9,374 10,700 12,281 7,721 
Residual 15,816 11,859 16,517 11,790 15,047 8,399 16,847 10,828 
Total 29,580 19,064 30,301 21,668 24,421 19,099 29,128 18,549 
Optimised 
Source -
Segregated 
Recycling  10,930 6,925 10,670 7,965 8,042 8,538 9,472 6,151 
Residual  18,650 12,139 19,631 13,703 16,379 10,561 19,656 12,398 
Total 29,580 19,064 30,301 21,668 24,421 19,099 29,128 18,549 
Thus, the average weight was determined for the optimised systems by using the top quarter of 
performing districts, for a given rurality, population and specific collection type (i.e. commingled or 
source-segregated). For example, Elmbridge, which has a rurality of 4 and 52,922 households, could 
expect to capture 36 wt. % of material for recycling for a source-segregated collection system, whilst 
for a commingled system could expect to capture 38 wt. % of material for recycling. 
Top quartile performance was chosen as a means to fairly assess the optimised systems. It was felt 
that it would be biased to only compare current commingled collections to an optimised source-
segregated one, given that none of the districts were operating fully source-segregated systems.   
7.4.2 System Boundary   
A system boundary expresses the limits of a system to be modelled. Belboom et al (2013) and 
Corsten et al (2013) have stressed the importance of correctly identifying system boundaries prior to 
assessment; because differences in the model boundaries can significantly impact the conclusions of 
the modelling work (Turner et al, 2011). It is essential when comparing a variety of scenarios that 
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the system boundaries remain constant. Braschel and Posch (2013) have defined the three major 
sets of boundaries. These are: i) material boundaries, which must be set to specify the emissions 
that are to be accounted for, ii) Spatial and temporal boundaries, which clearly state the geographic 
area and time horizon to be considered, and iii) Functional and sectoral barriers, which defines the 
sector boundaries and the functional unit to be used. 
Therefore, in this study, system boundaries for all scenarios were from the primary production of 
the goods purchased by households to their disposal (excluding any use phase activity) through 
collection, primary processing, onward haulage, reprocessing to final disposal, for one year for each 
district, Figure 7.2(a) and 7.2(b).  
(a) 
(b) 
Figure 7.2 – System boundaries (a) recyclates, (b) residual system boundaries, blue arrows indicate the components of the model where 
costs are considered and green arrows indicate where environmental impacts are considered. 
The broken black line indicates the components within the study. The blue arrows indicate the 
processes where costs incurred by the local authority have been calculated. This excludes haulage 
costs as they are either a) included in the sum paid by local authorities to reprocessors or, b) they 
are paid for by the reprocessors separately. The turquoise arrows indicate the stages of the 
assessment included in the environmental assessment. Further, the structure of the modelling work 
is based around the quantities of waste that are generated in one year and how these material 
weights progress to ultimate disposal, or are recovered and reprocessed allowing for the waste to be 
used as a resource. Figures 7.3(a) to 7.3(c) summarise the structure of the modelling that will be 
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Figure 7.3 (a) – Summary system diagram for current collection system. 
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Figure 7.3 (b) – Summary system diagram for optimised source segregated collection system. 
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Figure 7.3 (c) – Summary system diagram for optimised commingled collection system. 
1
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carried out in order to create an evidence-base, before the options appraisal can take place to 
understand which collection system should be used in each district. Herein the material, temporal 
and spatial as well as functional and sectoral barriers for all three systems are outlined. 
7.4.3 Economic Feasibility 
The quantification of economic impacts, (in GBP), for 1 year of waste collection, utilised the WRAP 
(2013b) ‘Kerbside Analysis Tool’ (KAT) (Version 5.06) together with authority specific costs and ‘real-
time’ market prices. In order to conduct the study, base data regarding current collections were 
collected from the districts by means of a pro forma, Appendix B1. 
The KAT modelled the fleet of collection vehicles required to provide a recycling and residual waste 
collection service along with the costs of providing this service inclusive of fuel usage. To do this it 
considered a wide range of operational parameters including: type and size of vehicles, crew size, 
amounts and composition of waste to be collected, capture rates for recyclables, location and 
operation of tipping points, cost of vehicles and containers. The KAT allowed the user to specify how 
the recycling should be collected (i.e. segregated, commingled or partially commingled), as well as 
the frequency of collections. The accuracy of the results were dependent on good, representative, 
base data being provided for the existing collection service. It should be noted that the results 
provided were for collection costs only. Management costs were considered using real-time market 
prices, separately of the collection costs in order to calculating the total costs. The KAT tool was used 
to model the collection cost using this method for all three scenarios. The final cost (TCc) was 
calculated using Equation 7.1:  
TCc = (ACc + AVc + AOc) - OEF                                                                                        (Eq 7.1) 
where ACc is the annual capital costs for vehicles purchased as well as the cost of bin lifting 
equipment, AVc is the annual operating costs
22, AOc is the annual overheads, and OEF is the 
overestimated fuel usage23. Management costs (Mc) were either a cost or revenue, depending on 
the treatment facility and material type, Equation 7.2. In this study, data concerning gate fees was 
collected from material recovery facilities (MRFs), material reprocessors and residual waste 
treatment facilities used by the councils.  
Mc = CG * Tt      (Eq 7.2) 
where, CG is the gate fee (positive or negative, £) and Tt is the total weight managed. This was an 
iterative equation used for all materials treated by different treatment methods. 
                                                        
22  This includes: crew wages, supervisor wages, fuel costs, standing costs (insurance, vehicle tax) and running costs (maintenance).  
23 This was a correction factor added as it was noticed during the running of the model that KAT overestimated fuel usage in current 
system collections. 
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7.4.4 Environmental Feasibility 
For the environmental assessment a bespoke model using Excel© was created. This model 
considered environmental impacts in terms of greenhouse gas emissions (GHG), measured as 
kilograms of carbon dioxide equivalents (kg CO2e) per tonne of waste managed for one year. Similar 
to work carried out by Klang et al (2003) this work collected data on environmental impacts from the 
literature as well as emissions data from Defra (2011c). Emissions data provided by Defra were used 
as a proxy of GHG to quantify CO2e emissions to estimate the carbon footprint of each system; this is 
because they provided UK specific emissions (Turner et al, 2011). This was similar to work by 
Brogaard (2014) who also quantified emissions as CO2e, in order to compare different recycling 
systems. The input data for this part of the modelling was the material weight output from the 
economic modelling. It was important that accurate composition data were used. This is because it 
can significantly influence the results of any environmental assessment (Slagstad and Brattebø, 
2013); the results of Chapter 5 were used herein. Where data on destinations was incomplete, 
recycling brokers were contacted directly to determine the onward destination of this material and 
the type of recycling carried out. Defra (2011c) conversion factors were used to calculate the per 
tonne emissions (or avoided emissions) for: 
 the primary production of the waste; 
 the different types of recycling; ‘open-loop’ recycling, (materials are used as feedstocks to 
make a lower grade products, for example glass bottles being made into aggregate) and 
‘closed-loop’ recycling, (materials are made into products of a similar quality to the original 
product, for example a PET drinks bottle, being recycled into a new PET drinks bottle);  and, 
 energy from waste and landfill treatment methods.  
The Defra (2011c) database was deemed a suitable source, as it has been widely used by 
organisations including Ricardo-EE and WRAP to support company reporting on GHG emissions as 
part of the Companies Act 2006 (Strategies and Directors’ Report) Regulations 201324 (UK Gov, 
2013). Reject rates from reprocessors were also considered to provide a true representation of total 
material weights being recycled and disposed of. However, for pre-processing25 including transfer 
stations and MRFs, there were no reliable secondary data. Therefore, primary data on energy use 
was collected from a variety of different facilities and an average was converted into a CO2e using 
data from Ecotricity (2014) on the average carbon intensity of UK electricity, monitored hourly over 
the course of one week.   
                                                        
24 which requires all UK quoted companies to report greenhouse gas emissions (Defra, 2013a). 
25 Pre-processing occurs when the material is taken to a transfer station and bulked, before transportation to a reprocessors, or when the 
material is separated at a MRF before it is bulked and sent on to the reprocessors. 
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For the environmental impact of the collection, fuel consumption (Fc), an output from the KAT 
modelling was converted into a CO2e based on the literature (Defra, 2011c), Equation 7.3.  
Fc = (Pm + NPm) * Fq                                                             (Eq 7.3) 
where, Pm is the productive mileage per cycle (or the collection phase), NPm is the non-productive 
mileage per cycle (or the transportation to bulking, tipping or sorting facility) and Fq is the frequency 
of collection (either 26 for alternate weekly collections or 52 for weekly collections). 
Haulage data between the treatment and disposal sites was also included in the environmental 
assessment. The transportation type was either road or sea, depending on the end destination. 
Firstly, it was necessary to determine the total annual tonne-kilometres26 for all materials captured 
and subsequently transported (Equation 7.4 road transport and Equation 7.5 sea transport). This 
was conducted using material weight data (Grundons, 2014) and a route mapper (Google, 2014). 
Atk = dr (Tt/Tv)                                                              (Eq 7.4) 
where, Atk is the total transport distance (km) per tonne of material per year, dr is the distance of 
one journey from sorting facility to reprocessing facility (km), Tt is the total material weight (tonnes) 
and Tv is the vehicle capacity
27. 
                      AStk = ds * Tt                                                                 (Eq 7.5) 
where AStk is annual shipping distance (tonne-km), ds is the single shipping distance per material 
(km) and Tt is the total material weight to destination (tonnes).  
The total annual tonne-km for all material weights was converted into a fuel consumption factor, 
Equation 7.3. This was based on the average miles per gallon of a 44 tonne heavy goods vehicle and 
was derived from the literature (Eunomia, 2011; Volvo, 2014).  
Af = (Atk/Kl)     (Eq 7.6) 
where, Af is the annual fuel consumption in litres, Atk is the annual tonne-km travelled, and Kl is the 
average kilometres per litre consumption. 
Equation 7.7 shows the conversion into CO2e. 
ACR = Af * El     (Eq 7.7) 
where ACR is the annual CO2e emissions of road transport, Af is the annual fuel consumption and EL is 
the emissions factor per litre of diesel consumed.  
                                                        
26 a unit of measure to transport one tonne of material, one kilometre. 
27 which is dependent on the density of material carried, up to a mass or volume limit, for a particular vehicle type, supplied by Grundons 
(2014). 
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To calculate carbon footprint of sea transport Equation 7.8 was used. This involved first calculating 
the tonne-km based on the annual amount of material to be transported (Eq 7.4). The CO2e factor 
for sea transport was derived from research by Entec (2010), Cefic and ECTA (2011), and the 
Department for Transport (2013).  
ACS = ds * Es     (Eq 7.8) 
where ACS is the annual CO2e emissions for sea transport, ds is the annual distance travelled (t-km) 
and Es is the CO2e factor for shipping emissions. (It should be noted that Equations 7.4 to 7.8 were 
used for each material and for each journey to, from, and between reprocessors). 
7.4.5 Social Acceptability 
In contrast to Klang et al (2003), social data was inferred from a consultation process, used for the 
revised waste management strategy for the county (SCC, 2015). The consultation process allowed 
for an understanding of residents’ attitudes towards waste management services in Surrey. The 
process of understanding the social implications of the different scenarios used the criteria 
developed in Chapter 6, on MCDA and as such, the data from the consultation was used to score the 
criteria. These criteria were: 
 job creation; 
 quality of life; 
 social acceptance, and 
 usability of the service offered. 
7.5 Assumptions  
7.5.1 Introduction 
For the assessments of each scenario a range of assumptions were made. These assumptions varied 
for each district considered. This was because each district had its own set of characteristics that 
were determined, for example, the number of trips the collection crews would do per round, or the 
number of houses that could be visited in one round. At each stage, the modelling work applied 
economic costs and environmental impacts concerning the collection of paper and card, plastic, 
glass and metals separately from the other waste materials. It also considered the social impacts 
relevant to the different parts of the system. This section describes the assumptions that have been 
made at each of the stages are outlined in Figures 7.1(a) and (b). Table 7.2 and Table 7.3 provide an 
example of these assumptions and identify the sources of the data used. Assumptions for all districts 
can be found in Appendix B2, whilst B3 provides a copy of the model for each district. 
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7.5.2 Pre-collection 
The pre-collection of waste sets the scope of the modelling work by defining the quantities of waste 
material produced by householders, number of households (Table 7.1) and the composition of waste 
being collected, which varies for each district. This information flows into the collection and 
subsequent stages of the model, helping define and set the boundaries of their activities. There are 
environmental impacts at this stage, which are the CO2e embedded emissions associated with the 
waste being disposed of. There were also costs associated at this stage; these were for the provision 
of collection containers (bins or bags) used by the householders to separate their waste. The 
environmental impact for the provision of containers was not included in this study due to 
insufficient data (Bovea et al, 2010).  
7.5.3 Collection and Initial Transportation 
The collection stage defines the collection systems that were used to start managing the waste 
materials. As there is no definition available in the literature for this stage of the process, it is 
difficult to source relevant data and technical information (Eisted et al, 2009). However, in the 
context of this study, collection (and initial transport) defines the amount of each type of material 
that is captured and by what part of the collection system (recycling and residual) as well as 
outlining the logistical arrangements (Boskovic et al, 2013). Through the collection of this 
information, impacts of the system were determined. Each district provided the quantities of 
material of paper and card, plastic, glass and metal, captured for recycling by the current collection 
system, along with the amount of residual material. The material captured by the optimised 
collection systems was calculated using material yield information provided by WRAP (2014b). For 
each optimised system, the upper quartile yield (calculated using the national average for each 
rurality) was applied to each district, Table 7.1. 
Developing the logistical arrangements was a complex process. Collection vehicles were chosen 
based on default data in KAT, as well as practical preferences indicated by the districts. The KAT tool 
was used to derive information concerning: the operation of vehicles, number and type of 
containers, facilities chosen as tipping points, vehicle and crew productivity, capital costs, operating 
costs and vehicle mileage. Assumptions made regarding logistics are specific to local constraints and 
therefore vary for each district. Table 7.2, provides an example of these assumptions. The fuel used 
was assumed to be standard diesel and combustion was assumed to be in an engine that conforms 
to European emissions standards, Euro V (Larsen et al, 2009; Merrild et al, 2012). The calculation for 
environmental emissions associated with fuel used output-based measures, derived from the actual 
amount of fuel consumed, which were then converted into a CO2e emissions (Mckinnon, 2007; 
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Friedrich and Trois, 2011). Total fuel consumption per year was used to determine the 
environmental impacts of collection and initial transportation. This was inclusive of recycling and 
residual collections.  
7.5.4 Pre-Treatment 
The pre-treatment stage included the bulking of waste and sorting of materials at a Materials 
Recovery Facility (MRF). The bulking of materials at a transfer station occurs after collection and is 
where the materials are aggregated for onward transport to material reprocessors and treatment or 
disposal facilities. Additionally, for some materials, the stage also involved a sorting process to 
separate mixed materials. A clean MRF was modelled. This is a MRF where the waste has already 
been pre-sorted by householders into dry mixed recyclates, as opposed to a dirty MRF where 
materials are recovered directly from the residual waste stream with no pre-sorting (Ali and 
Courtenay, 2014). The quantities of each material separated and forwarded to reprocessors and 
treatment facilities including rejects28 from the sorting processes were obtained. The costs of using 
bulking and sorting facilities and their environmental impacts were included in the modelling. 
Although kerbside sorting by householders for the source-segregated system is a form of pre-
treatment, there are no direct environmental or economic costs and therefore no calculations were 
necessary. However, there are rejects associated with this collection method and they are 
considered, as discussed above. 
The economic modelling (Section 7.4.2) was based on the material weight inputted to the different 
facilities and gate fees charged, or income received. Examples of the assumptions for recycling gate 
fees are provided in Table 7.2, each district paid or received a different amount of money and 
therefore costs were modelled on a district-by-district basis. The costs of treatment and disposal of 
residual waste is dealt with in Section 7.5.6. 
The environmental model (Section 7.4.3) relied on operational information collected directly from a 
range of transfer stations and from MRFs. The data used to calculate the carbon footprint was based 
on their energy use (kWh) converted into a CO2e, Table 7.3. The assumptions made in this stage 
were dependent on the type of activity carried out by the reprocessors, which determined if the 
materials were sent to ‘open’ or ‘closed-loop’ recycling, again this was done on a district-by-district 
basis. Assumptions were also made on the carbon intensity of the UK national grid (Banar et al, 
2009). 
                                                        
28 Rejects are non-target MRF material inputs (Ali and Courtenay, 2014). 
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7.5.5 Onward Transportation 
This stage modelled the transport of materials to reprocessors or treatment and disposal facilities. 
Costs were not considered at this stage as the ownership of recyclables has moved to the 
commercial sector, while the cost of transporting residual waste was included in the bulking costs. 
Firstly, to calculate fuel consumption at this stage, the average miles per gallon for a 44 tonne heavy 
good vehicle (HGVs) was used. No back haulage of the vehicles was included in the model for any of 
the scenarios, because it was not possible to obtain such data from the facilities in question. It is 
likely that the vehicles would not be returned empty, however, it was not possible to attribute 
responsibility of these environmental impacts to the waste management practices of SCC and the 
districts and boroughs. Furthermore, assumptions were made regarding the amount of material that 
could be transported at any one time. This was based on material density and the capacity of the 
HGV, the data for which was calculated directly from the reprocessors and verified using the 
literature (Eisted et al, 2009). The factors and assumptions used in the environmental model are 
contained in Table 7.3. The outputs for this stage were the environmental impacts associated with 
transportation.  
7.5.6 Reprocessing 
The reprocessing stage modelled the process where waste materials were converted into usable 
products and thus ceased to be waste. In the case of Surrey, this was operated by the commercial 
sector and thus there were no costs to the local authorities. Exploration of the reprocessor 
identified: i) if the facility produced ‘open’ or ‘closed-loop’ recycling, ii) the mass of materials which 
were made into products, iii) the amount of material lost as rejects, and iv) the environmental 
impacts associated with operating the facility. The environmental modelling as described in Section 
7.4.4, modelled each of the reprocessors used and how the materials moved through system to 
become new products. Table 7.3 presents the assumptions made concerning the: treatment type, 
reject rate, reject treatment type, reject material split and material specific treatment conversion. 
7.5.7 Treatment and Disposal 
Treatment and disposal was the final stage modelled, where the residual waste and rejects from 
sorting and/ or reprocessing operations were managed. For residual waste, there was a gate fee to 
be paid. However, costs for the rejects were not considered in the calculation because they were 
paid for by the commercial sector. The variables considered in this stage were: i) the amount of 
material sent for treatment and disposal, ii) costs of treatment and disposal activities, and iii) 
environmental impacts associated with disposal options. 
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Table 7.2 – An example of economic modelling assumptions and justifications as used to model each of the three scenarios, taken from Epsom and Ewell. 
  Assumptions and Justifications for each scenario 
Topic Factor Current System Optimised source - segregated Optimised commingled 
Setup of current 
arrangements for 
KAT 
Number of households served Assumed to be entire WCA of 31,299 households modelled as current recycling services 
reach all properties. 
Assumes to be entire WCA of 31,299 households modelled as current recycling 
services reach all properties. 
Assumed to be entire WCA of 31,299 households modelled as current recycling 
services reach all properties. 
Current residual waste 
tonnages 
Current residual waste taken as 92.1% of total (12,393 tpa) as 4,950 households receive 
additional collections by a dedicated vehicle on 'off cycle' weeks. Therefore, the amount 
of fuel usage and associated impacts are fairly represented in the data presented. 
Current residual waste taken as 92.1% of total (12,393 tpa) as 4,950 households 
receive additional collections by a dedicated vehicle on 'off cycle' weeks. Therefore, 
the amount of fuel usage and associated impacts are fairly represented in the data 
presented. 
Current residual waste taken as 92.1% of total (12,393 tpa) as 4,950 households 
receive additional collections by a dedicated vehicle on 'off cycle' weeks. Therefore, 
the amount of fuel usage and associated impacts are fairly represented in the data 
presented. 
Percentage of households with 
wheeled bins 
Assumed as 100% of households (12,393) as there was no information available to say 
otherwise. 
Assumed as 100% of households (12,393) as there was no information available to say 
otherwise. 
Assumed as 100% of households (12,393) as there was no information available to 
say otherwise. 
Number of collection crew (Inc. 
driver contribution) 
2.3 people based on data provided by the districts in their pro forma based on current 
performance. 
2.3 people based on data provided by the districts in their pro forma based on current 
performance. 
2.3 people based on data provided by the districts in their pro forma based on 
current performance. 
Average Vehicle Speed 
collecting/travelling 
Speed of vehicles was set as 2 mph and 15 mph, respectively and tested by trial and 
error until results match the distances provided in pro forma as no average speeds were 
provided. 
Speed of vehicles was set as 2 mph and 15 mph, respectively and tested by trial and 
error until results match the distances provided in pro forma as no average speeds 
were provided. 
Speed of vehicles was set as 2 mph and 15 mph, respectively and tested by trial and 
error until results match the distances provided in pro forma as no average speeds 
were provided. 
Composition of Waste Composition set as the % breakdown for kerbside waste for each districts in the Surrey 
Composition Analysis 2013/14, using specification designed in Chapter 5. 
Composition set as the % breakdown for kerbside waste for each districts in the Surrey 
Composition Analysis 2013/14, using specification designed in Chapter 5. 
Composition set as the % breakdown for kerbside waste for each districts in the 
Surrey Composition Analysis 2013/14, using specification designed in Chapter 5. 
Recycling Collections 12,715 tpa 12,715 tpa 12,715 tpa 
Scope of 
scenarios 
Total waste to be managed 25,108 tpa 25,108 tpa 25,108 tpa 
Number of households served 31,299 31,299 31,299 
Operation of 
vehicles in 
scenarios 
Collection Frequency Current collection frequencies based what Epsom and Ewell are currently doing. Assumed to be weekly source-segregated recycling as this is thought to improve the 
yield of material collected and also will allow for smaller receptacles at the household. 
Fortnightly refuse and garden as per the current collection. Weekly food waste as this 
is assumed to increase the yield of material (Gov. Scot, 2011).  
Fortnightly commingled recycling was assumed as households will be a 240l bin 
recycling and therefore the capacity to store the material. Refuse and garden waste 
assumed to be collected fortnightly, as per the current collection. Weekly food waste 
collection as this can be done in conjunction with the other collections in a separate 
pod on the RCV (Chu et al, 2015). 
Sharing Vehicles Current sharing of vehicles for garden/food and commingled/food services No sharing of vehicles so as not to compromise the quality of the recyclate with 
contamination from residual. 
No sharing of vehicles so as not to compromise the quality of the recyclate with 
contamination from residual. 
Recycling Collection Vehicles Elite 2 kerbsider (23 tonnes) for source - segregated, Elite 2 Duo pod vehicle (26 tonnes) 
for 2 stream collections. 
Elite 2 kerbside (23 tonnes) for source – segregated as this is the vehicle current 
regarded as optimal by the authority and is assumed to be suitable for the area.  Elite 
2 Refuse Collection Vehicle (RCV) for garden. 
Elite 2 Duo pod vehicle (26 tonnes) for commingled material and food as this is 
currently used by the authority and therefore it is assumed to be suitable. Elite 2 RCV 
for garden.  
Configuration of Vehicle  Not applicable. Source segregated vehicle has 5 compartments, in order to separately collect paper 
and card, glass, metals and plastics, as stipulated by the regulation. This also includes 
one for food waste as this is intended to be collected weekly together with the 
recycling.   
Not applicable. 
Refuse Collection Vehicles Elite 2 RCV is currently used. Assumed to be Elite 2 RCV, as this remains the same as current system. Assumed to be Elite 2 RCV, as this remains the same as current system. 
Capacity Utilisation (% of total 
space) 
80% for kerbsider. 70% for kerbsider as this now also includes food waste compartment underutilisation 
which will add to unequal filling 
Not applicable.  
Containers 
selected for 
scenarios 
Containers used for recycling 40 litres box for source - segregated material, 180 litres wheeled bin for commingled 
and 23 litres caddy for food waste. 
Assumed to have 3 x 40 litre boxes for source - segregated material to ensure that the 
receptacles on to onerous on space. 23 litre caddy for food waste the same as current 
system 
Assumed to be a 240 litre wheeled bin as this is standard for commingled recycling 
and 23 litre caddy for food waste the same as current system 
Containers used for refuse 240 litres wheeled bins. 240 litre wheeled bin. 240 litre wheeled bin. 
Mix of materials in containers Paper, cans and glass in box, cardboard and plastics in 180 litre and food in 23 litre 
caddy. 
Paper, cans, plastic and glass in boxes. Food waste in 23 litre caddy. Paper, cans, plastic and glass in wheeled bin. Food waste in 23 litre caddy. 
Public 
participation in 
recycling 
Set out rates of containers 70% for source - segregated collections, 75% for commingled and 40% for food. Assumed to be 80% based on conversation with each districts staff. Assumed to be 80% based on conversation with each districts staff. 
Participation rates 80% Assumed to be 95% - to achieve the optimised capture. Assumed to be 95% - to achieve the optimised capture. 
Capture rates for materials Current tonnages captured. WRAP29 predicted tonnages capture for upper quartile performance for each districts 
type of LA using source - segregated collections. 
WRAP predicted tonnages capture for upper quartile performance for each districts 
type LAs using commingled collections 
Facilities choices 
for collection 
system 
Tipping point for recyclables Source segregated materials to Sita Leatherhead, Commingled and garden to Sita 
Epsom. 
Source segregated materials to Sita Leatherhead, garden to Sita Epsom in line with 
current system. 
Commingled materials and garden waste to Sita Epsom as current proportion of 
commingled is tipped at this site. 
Tipping point for refuse Sita Epsom. Sita Epsom. Sita Epsom. 
Journey times Existing journey times taken from data collected by districts. No assumption made journey times were taken from pro forma for relevant facilities. No assumption made journey times were taken from pro forma for relevant facilities. 
Unloading times Existing tipping times taken from pro forma. Assumed that the source-segregated tipping times will increase by 15 minutes in order 
to take account of additional food waste and tipping at later times of day. 
Commingled tipping times at Sita Epsom assumed to be the same as other material 
tipping times at Epsom as provided in the pro forma. 
Vehicle/crew 
productivity 
Length of working day Current working days provided by Epsom and Ewell. Working day for source - segregated crews increased to 7:20 as this is closer to a 
normal working day. Each district recognise that current working days were too short 
so an optimized system would also have an optimized day length. 
Working day for commingled crews assumed to be 7:20 to allow fair comparison 
with optimised source - segregated system. 
                                                        
29 It is important to note that the yields used by WRAP have their own inherent assumptions, however, as the same source is used for both source-segregated and commingled. 
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Number of collection crew (Inc. 
driver contribution) 
2.3 people based on data provided by the districts in their pro forma based on current 
performance. 
2.3 people based on data provided by the districts in their pro forma based on current 
performance. 
2.3 people based on data provided by the districts in their pro forma based on 
current performance. 
Crew loading times KAT default data used. It is assumed that the loading times are well researched and thus 
representative of best available data. 
KAT default data used. It is assumed that the loading times are well researched and 
thus representative of best available data. 
KAT default data used. It is assumed that the loading times are well researched and 
thus representative of best available data. 
Use of slave bins Yes for food and glass only, no bin lifts on other source - segregated compartments of 
vehicles. 
Yes for food and glass only, no bin lifts on other source - segregated compartments of 
vehicles. 
Yes for food waste only. 
Fuel usage Miles per gallon figures provided by each districts Mpg figures provided by each districts Mpg figures provided by each districts 
Number of loads of refuse KAT output results used. It is assumed that this data is researched and thus 
representative of best available data. 
KAT output results used. It is assumed that this data is researched and thus 
representative of best available data. 
KAT output results used. It is assumed that this data is researched and thus 
representative of best available data. 
Number of loads of recycling Commingled collection rounded down to 2 loads per vehicle. KAT default data used. It is assumed that this data is researched and thus 
representative of best available data. 
KAT default data used. It is assumed that this data is researched and thus 
representative of best available data. 
Capital costs Container costs Current containers costs taken from Epsom and Ewell pro forma. Current containers costs used and taken from Epsom and Ewell pro forma. Current containers costs used and taken from Epsom and Ewell pro forma. 
Container lifespan Assumed to be 10 years for wheeled bins and 5 years for boxes. Boxes assumed to be 
more susceptible to damage.  
Assumed to be 10 years for wheeled bins and 5 years for boxes. Boxes assumed to be 
more susceptible to damage. 
Assumed to be 10 years for wheeled bins and 5 years for boxes. Boxes assumed to be 
more susceptible to damage. 
Container replacement rates Data provided by Epsom and Ewell. Data provided by Epsom and Ewell. Data provided by Epsom and Ewell. 
Financing of container 
purchase 
Nil financing costs assumed in conjunction with each districts. Nil financing costs assumed in conjunction with each districts. Nil financing costs assumed in conjunction with each districts. 
Number of vehicles Commingled collection and refuse vehicles kept as 2 in line with current service 
provision. KAT predicted vehicle numbers equals current service provision for other 
services. 
KAT default data used. It is assumed this data is well researched and thus 
representative of best available data. 
KAT default data used. It is assumed that this data is well researched and thus 
representative of best available data. 
Cost of vehicle Vehicle cost is assumed as the annual hire cost multiplied by the period of hire. Vehicle cost is assumed as the annual hire cost multiplied by the period of hire. Vehicle cost is assumed as the annual hire cost multiplied by the period of hire. 
Depreciation period Period of the hire is used as this reflects the time over which the depreciation will occur. Period of the hire is used as this reflects the time over which the depreciation will 
occur. 
Period of the hire is used as this reflects the time over which the depreciation will 
occur. 
Financing of vehicle purchase No financing costs are assumed as the vehicles are provided under a hire agreement 
and thus no capital is needed. 
No financing costs are assumed as the vehicles are provided under a hire agreement 
and thus no capital is needed. 
No financing costs are assumed as the vehicles are provided under a hire agreement 
and thus no capital is needed. 
Operating costs Number of drivers Commingled collection and refuse drivers kept as 2 in line with current service 
provision. KAT predicted driver numbers equals current service provision for other 
services. 
KAT results used. It is assumed this data is well researched and thus representative of 
best available data. 
KAT results used. It is assumed this data is well researched and thus representative 
of best available data. 
Number of loaders Commingled collection and refuse loaders kept as 4 in line with current service 
provision - KAT predicted loader numbers equals current service provision for other 
services. 
KAT results used. It is assumed this data is well researched and thus representative of 
best available data. 
KAT results used. It is assumed this data is well researched and thus representative 
of best available data. 
Driver unit costs £26,453 provided by the district. £26,453 provided by the district. £26,453 provided by the district. 
Loader unit costs £24,439 provided by the district. £24,439 provided by the district £24,439 provided by the district 
Supervision costs Taken as 6% of driver/loader costs based on each data provided by Epsom and Ewell. Taken as 6% of driver/loader costs based on each data provided by Epsom and Ewell. Taken as 6% of driver/loader costs based on each data provided by Epsom and Ewell. 
Vehicle standing costs £280 pa provided by the district. £280 pa provided by the district. £280 pa provided by the district. 
Vehicle running costs £20,071 pa, information supplied by the district. £20,071 pa, information supplied by the district. £20,071 pa, information supplied by the district. 
Cost of fuel per litre £1.15, information supplied by the district. £1.15, information supplied by the district. £1.15, information supplied by the district. 
Overhead costs 12%, the KAT default was used as there was no information provided by the district on 
pro forma. 
12%, the KAT default was used as there was no information provided by the district on 
pro forma. 
12%, the KAT default was used as there was no information provided by the district 
on pro forma. 
Management 
costs 
Gate fees (income) for 
recyclables 
Taken from each districts pro forma. Incomes for glass and cans taken from pro forma. Additional incomes given by Sita for 
mixed paper and mixed plastics. 
Gate fee assumed to be £8 based on conversation with each districts and contacts 
they have had with Sita. 
Residual disposal costs £113 per tonne (£93 for disposal, £20 for bulking and haulage) - average price paid by 
SCC. 
£113 per tonne (£93 for disposal, £20 for bulking and haulage) - average price paid by 
SCC. 
£113 per tonne (£93 for disposal, £20 for bulking and haulage) - average price paid 
by SCC. 
Recycling credits Recycling credits were not considered - costs are calculated based on 'taxpayer' rather 
than to the WCA. Thus payment of recycling credits is cancelled out by the cost of 
paying recycling credits for the WDA. 
Recycling credits were not considered - costs are calculated based on 'taxpayer' rather 
than to the WCA. Thus payment of recycling credits is cancelled out by the cost of 
paying recycling credits for the WDA. 
Recycling credits were not considered - costs are calculated based on 'taxpayer' 
rather than to the WCA. Thus payment of recycling credits is cancelled out by the 
cost of paying recycling credits for the WDA. 
Vehicle mileage Productive collection mileage Taken from the each districts pro forma. There are major discrepancies between the 
pro forma collection mileages and the KAT calculated collection mileages. The pro 
forma mileages are the most accurate and thus have been used. 
Taken from the each districts pro forma. There are major discrepancies between the 
pro forma collection mileages and the KAT calculated collection mileages. The pro 
forma mileages are the most accurate and thus have been used. 
Taken from the each districts pro forma. There are major discrepancies between the 
pro forma collection mileages and the KAT calculated collection mileages. The pro 
forma mileages are the most accurate and thus have been used. 
Non-productive mileage Taken from KAT results by deducting KAT collection mileage from KAT total mileage per 
vehicle. 
Taken from KAT results by deducting KAT collection mileage from KAT total mileage 
per vehicle. 
Taken from KAT results by deducting KAT collection mileage from KAT total mileage 
per vehicle. 
 
 
Table 7.3 – An example of the assumptions and justifications made for the environmental modelling for all three scenarios taken from Epsom and Ewell. 
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   Assumption  and Justifications 
Topic Factor Explanation Current System Optimised source - segregated Optimised commingled 
Materials Material composition Amount and type of recycled materials sent for each treatment 
method. 
Data provided by the district. Used proportions of materials provided by the districts in their pro forma and KAT output tonnage for each system, to give 
tonnage of each material in the system.  
Residual material split The composition of materials sent to residual treatment. Composition set as the % breakdown for kerbside waste for each districts in the Surrey Composition Analysis 2013/14 
Reject rate The amount of materials that are rejected at the reprocessors. Tonnes or % as specified in pro 
forma. 
Uses proportions supplied by each district in their pro forma multiplied by new tonnages provided by KAT. 
Reject material split The composition of rejects from each facility. Uses Axion Consulting (2012) MRF output data from modelling work they previously completed for SCC, this was assumed to be best available data and had 
previously been widely researched.  
Tonnage Comes from the output of KAT and is proportioned based on 
information in the pro forma. 
Outputs from KAT modeling which are based on the data supplied by the districts and governed by the total input tonnage. 
Treatment 
Facilities 
Location The physical location of each treatment facility. Postcodes from pro forma Closest ‘closed-loop’ facility from suite of district destinations. The closest-closed loop facility was assumed to be the most 
optimal reprocessing facility which would allow for a fair comparison between each of the optimized collection systems. 
Distance between facilities This is the journey the material is transported between each 
treatment facility. 
Calculated using route-mapping system, all routes were optimised as the most direct route and assumed to have no backhaul. Backhaul was not included as no 
data was available from the reprocessing facilities used in the study. 
Treatment Type Describes whether or not the material is recycled (open or 
‘closed-loop’) and also includes residual treatments (EfW and 
landfill). 
Internet search was used to determine the type of recycling, if not specified in each districts pro forma, this was taken from each of the companies website. 
Recycling Bulking Location at which the recycling material is bulked. Location as stated in each districts 
pro forma. 
Location as stated in each districts pro forma, or assumed to be the same as residual treatment bulking facility. Bulking at 
the residual facility would be the likely cause of action that the districts would take if an optimised system was to be 
implemented.  
Residual Bulking Location at which the residual material is bulked. Location as stated in each districts pro forma. 
Reject treatment type All rejects treated by EfW as informed by MRF operators. All rejects assumed to be sent to EfW, this data was collected from a small sample of the facilities used and applied to all. No transportation was included as there 
was no data supplied from the reporcessors as to where the material would be disposed of. 
Residual Treatment  EfW, landfill, or a split between the two depending on the 
bulking facility. 
Used SCC database of disposal destinations, which are specific to the bulking facility as this is what would be the likely cause of action if an optimised system was to 
be implemented. This was given as % between different landfill and EfW facilities. 
Transport Annual Mileage The total amount of miles it takes to transport each material 
between destinations. 
Calculated using material tonnages, specific material densities and mileage from route mapping exercise.  
Collection Includes: vehicle type, annual collecting mileage and fuel 
consumption. 
Fuel data is an output from KAT modelling. 
Haulage transport type The transportation between reprocessing destinations. For all road haulage, (excluding collection) a 44 tonne HGV was assumed, with a maximum payload of 26 tonnes, this is the standard vehicle for road transport. For 
sea haulage to Asian destinations, a deep-sea vessel was modelled with a 10,000 tonne capacity this data was provided by Entec (2010), Cefic and ECTA (2011). For 
European haulage, a large container vessel with a 10,000 tonnes capacity was modelled (Entec (2010), Cefic and ECTA (2011). 
Road fuel consumption   Average fuel consumption for an HGV was assumed based on data from the Department for Transport (2013). 
Sea fuel consumption Not available.  
Reject transportation Not included.  
Material density The amount of each material that can be transported in a HGV 
at any one time. 
Provided by Grundons. 
Carbon 
Conversion 
Material specific treatment 
conversion for total material 
quantity 
Each material has a different carbon factor and therefore this 
must be applied to each material 
Uses Defra (2011) carbon conversion factors. Primary data used for transfer stations and MRFs. 
Road transport fuel conversion Factor used to convert litres of diesel consumed into a carbon 
equivalent emission. 
Uses Defra (2011) diesel conversion factor. 
Sea transport Sea conversion 
factor 
Used to convert tonne km sea transport into carbon emission, as 
fuel consumption data was not available. 
Uses Entec (2010) and Department for Transport (2013) emissions per kilometer for each vessel used. 
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Environmental modelling (Section 7.4.4) was used to identify the carbon footprint of the treatment 
and disposal stage, Table 7.3. The throughput of materials was a key consideration along with the 
type of facility used. The factors that were considered included: residual waste split by material, 
reject waste split by material, treatment method (for example energy from waste or landfill) and 
material specific treatment conversion. The outputs from this section completed the modelling 
process by providing data on quantities of material sent for ‘open’ and ‘closed-loop’ recycling, 
economic costs for the collection and management of materials and environmental impacts of the 
systems.  
7.5.8 Limitations 
Given the large amounts of information used in the modelling of these three scenarios and the 
various sources used, data quality can be a limitation to this project. To understand which data 
would have the biggest implications for the reliability of each variable the data has been 
characterised as low, medium and high based on perceived quality from data sources. Low (L) 
indicates the data of the poorest quality, which has the largest inaccuracies. Medium (M) indicates 
fair data quality, with reduced levels of inaccuracy and high (H) indicates high quality data, with little 
to no inaccuracy, Table 7.4.  
Table 7.4 shows the wide range of data that were collected for this study. High quality data was 
collected from validated sources and government organisations. However, data deemed medium to 
low quality, was that collected from the districts and reprocessors. The reason for this was that 
some of the reprocessors were not invested in the project and therefore only a small number of 
samples were available. Further, these sources had not been validated by an external source. A 
sensitivity analysis on the impact of this medium to low quality data will be explored in Section 7.7. 
The purpose of this was to understand the influence this data may have on the overall outcome of 
the work and to help Surrey understand the reasons for this. 
Additional limitations to be aware of include difficulties obtaining material splits between primary 
and secondary categories. For example, data provided would be classified as mixed plastics, but not 
into any further categories, which has significant impacts on the environmental impact and income 
that can be obtained. MRF output data was not available from any of the MRFs contained within the 
study (Ali and Courtenay, 2014). Therefore, there may be inconsistencies in results, where some 
facilities did not wish to provide accurate data for reasons of commercial sensitivity. Finally, there 
was difficulty obtaining further information from brokers and reprocessors, as many were reluctant 
to participate in the study.  
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Table 7.4 – Summary of main data types, sources and quality. 
Criteria Quality 
Primary (1) or 
Secondary (2) 
Economic Environmental Data Source 
Household 
Material Weights H 2     WRAP, 2014b 
Material 
Composition 
H 1     SCC, 2014 
Household Numbers H 1     SCC, 2014 
Collection 
Fuel Consumption H 1 and 2     District Specific Pro forma; 
WRAP, 2013b  
Collection Crew H 1 and 2    District Specific Pro forma; 
WRAP, 2013 
Container Cost H 2    WRAP, 2013b 
Vehicle Cost H 2    WRAP, 2013b 
Vehicle Type M 1 and 2    District Specific Pro forma; 
WRAP, 2013b 
Vehicle Operation M 1 and 2     District Specific Pro forma; 
WRAP, 2013b 
Haulage 
Miles Per Gallon 
(MPG) 
M 2    Eunomia, 2011; Volvo, 2014  
Fuel Type H 2    District Specific Pro forma 
Material Density H 2    Direct communication with 
Grundons, 2014 and Sita, 2014. 
Transport Type M 2    District Specific Pro forma 
Vehicle Type M 2    District Specific Pro forma 
Facility 
Location H 1     District Specific Pro forma; Direct 
communication with 
reprocessors. 
Gate Fee / Income H 1     District Specific Pro forma; 
Reject Rate L 1    District Specific Pro forma; Axion 
Consulting, 2012. 
Energy Consumption M 1 and 2    Recresso, 2013; Sita, 2013; 
Golder’s Associates, 2015. 
Recycling Type (O/C) M 1    District Specific Pro forma; Direct 
communication with 
reprocessors. 
All Parts of Model 
GHG Inventory H 2    Defra, 2011c 
Carbon Intensity (UK 
national grid) 
H 1    Ecotricity, 2014 
Road Transport H 1    Google Maps, 2014 
Sea Transport M 1    Sea Rates, 2014 
7.6 Results and Analysis 
7.6.1 Economic Feasibility – Results 
Figure 7.4 presents the total costs of each system for each of the eight districts involved in the 
assessment. It can be seen that in six districts the optimised source-segregated system (OSS) has the 
highest cost overall at an average of approximately 10% more than the current system (~£410,000) 
and 11% more than the optimised commingled system (OCM) (~£540,000). In the case of the OCM 
system, it was cheaper than the current system in six out of the eight districts considered. However, 
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in the case of Mole Valley the current system was only lower by ~0.1%. In one district, Woking, the 
OCM, system was more expensive, 4.5% higher than the OSS system. Overall, the OSS system had 
higher costs as a result of producing higher amounts of residual waste and as such paying a higher 
gate fee, at the same time as reducing the revenue received for recyclates. 
 In order to explore these trends in more detail Figure 7.5 considered the costs of each system for 
each district, per tonne of waste managed. In the case of relative costs, the same can be seen. The 
average cost per tonne for the current system was £156, whereas for the OSS system, this was 14% 
higher at an average of £176 per tonne. In comparison, the OCM system was an average of £151 per 
tonne; between 3% and 14% cheaper compared to the other systems, respectively.  
As will be recalled, the costs for each system included: collection, management inclusive of residual 
and recycling gate fees and haulage where necessary, as well as the cost for providing new 
containers to residents. Figure 7.6 shows a breakdown of the average costs of each system based on 
these areas of expenditure for all the districts included in the study. The results showed that 
collection costs for the current and OCM collection systems were in the region of £1.7 million or 42% 
of the total costs. At the same time, the management costs for the current and OCM system were 
Figure 7.4 – Absolute cost of 3 scenarios (OCM: optimised commingled, OSS: optimised source-segregated). 
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Figure 7.5 – Cost of three collection methods on a cost (£) per tonne basis. 
 
 Figure 7.6 – Average cost (£) of each management system per expenditure area. 
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higher than that of the OSS system. Conversely, the OSS system collection costs were the highest of 
all three systems whilst management costs were lowest. OSS on average had the highest costs. 
Container costs in all systems had the smallest contribution at around 10% of total cost (~£400,000). 
7.6.2 Economic Feasibility – Analysis  
In six districts, the OSS collection system was more expensive than the current system because of 
higher collection costs, particularly in relation to the overheads and operating costs of the collection 
vehicles. This is because source-segregated collections require substantially more collection vehicles 
than the current system as they use different vehicle. Additionally, vehicle fill rates for source-
segregated material coupled with the size of the vehicle and lack of compaction equipment meant 
that more vehicles would be required each week to cope with the volume of waste produced. 
Woking was the only district where the OSS collection system was cheaper than the current system. 
The reason for the lower OSS cost was due to the revenue gained for source-segregated material at 
(£25 per tonne) as compared with the current price, £21 per tonne, paid for in the current system. 
This demonstrates that it is necessary to look at each district on a case-by-case basis, as the costs are 
sensitive to local factors. The OCM collection system was cheaper than the OSS collection system in 
seven districts because of lower collection costs, particularly because less refuse collection vehicles 
were required due to filling rates, (except in the case of Woking as discussed).  
When considering the costs for each component in the three management options (Figure 7.6), the 
collection costs for the current and OCM collection systems were approximately 42% of the total 
cost, a figure lower that that considered in the literature. Nguyen and Wilson (2010) previously 
suggested that collection and transportation account for 50% to 70% of the cost of waste 
management. However today, this may no longer be the case as a result of a 2% increase in the 
reprocessing of recyclates since 2010 (Defra, 2013c) and as such, the revenue now occupies a larger 
proportion of the overall costs. Alternatively, in the case of the OSS system, collection costs 
accounted for, on average, 54% of the total costs concurring with the literature. This is also 
supported by the fact that the OSS collection systems tended to generate lower revenue than the 
other systems (because of lower material capture). It is not clear from the work of Nguyen and 
Wilson (2010) as to what collection system they were looking at, but overall it would appear that the 
collection of waste, in Surrey at least, is significantly decreasing as a proportion of total costs. The 
management costs of the current and OCM collection systems were, on average, higher than that of 
the OSS: this is likely to be due to a higher gate fee being paid at the MRF for mixed recyclables as 
opposed to the revenue obtained for source-segregated materials. The compaction of materials in 
RCVs for the commingled system may also result in higher costs. 
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In the case of Epsom and Ewell, the current system was determined to be the most expensive 
option, due to the cumulative effect of all the identified costs being higher. Epsom and Ewell were 
an interesting district to consider as they operated a hybrid system of source-segregated and 
commingled collections, Table 3.3b. This suggests that such a hybrid system would not viable from 
an economic perspective. In two cases, OCM was slightly more expensive than the current system 
(less than 2%). In the case of Mole Valley, collection costs were marginally more expensive (0.1%) 
due to an extra vehicle being required to collect the larger weight of recyclable materials and so lead 
to an increase in capital and operating costs, as well as overheads and fuel costs. This was also the 
case for Surrey Heath, where the cost of OCM was 1 % higher than the current system. This shows 
that material capture and subsequent vehicle numbers has an impact on the commercial viability of 
collection systems. In this instance because the cost differentials are marginal, there is insufficient 
evidence to discount the use of an OCM collection system for these two districts. 
Overall, it can be seen that the average costs of an OCM collection system could produce substantial 
savings in six out of the eight districts, of £123,000 as compared to the current system, whilst at the 
same time reducing the environmental emissions in seven out of the eight districts by 2% (including 
primary production emissions). This is predominately because there were higher projected capture 
rates for the OCM system, whereby lower amounts of residual materials would be sent for the more 
expensive treatment (i.e. landfill and EfW), consistent with results from Hyder Consulting (2008); 
Fitzgerald et al (2012), and Williams and Cole (2013). Lower environmental emission from 
transportation came from reduced travel distances for the optimised system, as well as from larger 
amounts of material being sent to ‘closed-loop’ recycling. It is important to note that whilst average 
numbers are helpful when considering the collection systems across Surrey, decisions on the 
economic viability should be made on a district-by-district basis. This is considered in Section 7.8. 
7.6.3 Environmental Feasibility – Results    
Figures 7.7 and 7.8 show the environmental impact for each district modelled for all three systems 
inclusive of primary production emissions. Figure 7.7 shows the absolute emissions with primary 
production included. In five out of the eight districts, the OSS collection system had lower 
environmental impacts than the current system, by an average of 1%, ranging from 400,000 to 2.7 
million kg CO2e. The OSS collection system had higher emissions than the current system in three 
districts; this was by an average increase in emissions of 1%, (between 700,000 and 1.47 million kg 
CO2e). In the case of OCM, the collection system reduced emissions as compared to the current 
system in seven out of the eight districts.  
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From Figure 7.7 it can be seen that primary production emissions had a significant impact on all of 
the scenarios modelled for each of the districts. As the primary production emissions were the same 
for all three scenarios, they were removed in Figure 7.8, once the primary productions emissions 
were removed, the variation between the systems became clearer. The OCM collection system still 
produced the largest carbon savings, resulting in lower environmental impacts in seven out of the 
eight districts as compared to the current system. The OCM collection systems also had lower 
emissions for all eight districts as compared to the OSS collection systems. Interestingly, it can be 
observed that the current system produced the largest carbon contributions (and thus largest 
environmental impact) of all three waste management systems. In two instances, Elmbridge and 
Woking, the OSS collection system had a significant negative environmental impact emitting 1.9 
million and 1.4 million Kg CO2e, respectively (represented by a positive CO2e value). The OCM 
collection system had the lowest overall environmental impact for seven districts, except for Epsom 
and Ewell, which saw the OCM system contribute 1.2 million kg CO2e more than the current 
collection method compared to an average reduction of 1.8 million kg CO2e.  
It is also interesting to note that for the OCM collection in Woking, there was a negative impact on 
the environment, with emissions production of 260,000 kg CO2e compared to a reduction in all other  
 
Figure 7.7 – Absolute kg CO2e with primary production emissions included. 
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Figure 7.8 – Absolute kg CO2e without primary production. 
districts of between 300,000 and 4 million kg CO2e.  
In comparison to Figure 7.7, Figure 7.8 shows that there were substantial environmental savings 
associated with all three systems in the majority of cases, suggesting that opportunities to recycle, 
do reduce the environmental burden of waste management. Except for Woking, where all scenarios 
produced negative environmental impacts. Therefore, it is important to understand the breakdown 
of emissions underpinning these results.  
Figure 7.9 illustrates average emissions for recycling collections in each of the scenarios across the 
eight districts modelled, negative values represent an emissions saving and positive values indicate 
an environmental impact. It can be seen that for a recycling collection of any type, haulage has the 
largest environmental impact. The current system had the highest average impact (770,000 kg CO2e) 
and the OCM system had the lowest average impact (675,000 kg CO2e). This was followed by the 
collection of recyclables, which is to be expected; however, the difference between collection 
systems is marginal. The bulking and sorting of material at transfer stations as well as at MRFs had 
relatively little impact on CO2e in comparison to the other management stages. ‘Open-loop’ 
recycling provided larger savings in the current system and less in the OCM and OSS systems. 
However, it is not until ‘closed-loop’ recycling is considered, that the true benefits of recycling can 
-5,000,000
-4,000,000
-3,000,000
-2,000,000
-1,000,000
0
1,000,000
2,000,000
3,000,000
4,000,000
El
m
b
ri
d
ge
Ep
so
m
G
u
ild
fo
rd
M
o
le
 V
al
le
y
Sp
el
th
o
rn
e
Su
rr
e
y 
H
e
at
h
W
av
er
le
y
W
o
ki
n
g
C
O
2e
 (
kg
) 
District 
Current OSS OCM
 
 
 135 
be fully appreciated. All systems provide an environmental benefit from ‘closed-loop’ recycling with 
carbon savings ranging from (on average) between 2.8 million kg CO2e for the current system to 3.6 
million kg CO2e for the OCM system.  
Figure 7.9 shows that the impact of rejects from the recycling processes, both ‘open’ and ‘closed-
loop’, were small; this was indicated by the EfW category. In all of the three cases considered, the 
overall cumulative impact of each recycling system showed an environmental benefit, represented 
by a negative CO2e value. The OCM system provided the biggest reduction of 3.1 million kg CO2e, 
followed by the OSS system at 2.5 million kg CO2e and finally the current system at 2.2 million kg 
CO2e. 
Finally, Figure 7.10 shows the average CO2e emissions of the residual collection system for all three 
scenarios. Interestingly, the OSS system had the lowest emission for residual collection, even though 
the amount of material collected is the highest. Onward haulage of the residual material was 
significantly lower than that for recycling by an average of 470,000 kg CO2e. The CO2e impacts of 
transfer stations and the shredding of residual material were negligible. However, the impact of 
landfill and EfW were both substantial. The impacts of landfill were higher in the current system, 
closely followed by the OCM system. Conversely, the OSS system had the lowest environmental 
 
Figure 7.9 – Average kg CO2e per recycling management phase for all districts. 
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Figure 7.10 – Average kg CO2e per residual management phase. 
 
 
Figure 7.11 – Average kg CO2e for lifecycle management, including primary production for all 8 districts. 
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Figure 7.12 – Average kg CO2e for lifecycle management stages, excluding primary production for all districts. 
impacts from landfill at 170,000 kg CO2e. On the other hand, the OCM collection system had the 
lowest environmental impact from EfW (93,000 kg CO2e); followed by the current system and thus 
the OSS system had the highest impact at 118,000 kg CO2e. The cumulative environmental emissions 
showed a positive kg CO2e value for all three residual collection systems, which subsequently has a 
negative impact on the environment.  
Figure 7.11 shows the cumulative environmental impacts of both recycling and residual collections 
inclusive of primary productions emissions. From this, it can be seen that the generation of waste, in 
the first instance, had consequences that far outweighed the respective reprocessing and treatment 
in each scenario. However, once primary production emissions were removed in Figure 7.12, it can 
be seen that residual disposal had the largest negative environmental impact in all three scenarios. 
The OSS collection system had the highest residual impact at 2.59 million kg CO2e; closely followed 
by the current system 2.3 million kg CO2e, and finally, the OCM had the lowest emissions at 2.4 
million kg CO2e. 
Further, Figure 7.12 shows that in all three systems the impact of transportation (collection and 
haulage) was the smallest. Reprocessing (including primary processing) had the largest 
environmental benefit, whilst the disposal emissions (the sum of landfill and EfW) produced the 
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highest impact on the environment, with the OSS collection system having the largest kg CO2e in this 
category. The overall average trend was that the OCM collection system produced the largest 
environmental benefit (-1.94 million kg CO2e), whilst the current collection system provided the 
lowest (-563,000 kg CO2e).  
7.6.4 Environmental Feasibility – Analysis  
As shown in Figure 7.9, haulage had the largest impact on the environment when considering the 
recycling collection; this was because the recyclate material was sent abroad to be used as a 
feedstock. This was particularly the case for paper and card, where most materials were sent to the 
Far East for reprocessing. The current system had the largest environmental impact as the 
destinations were not optimised and as such, material of the same composition went to a range of 
facilities, unlike the other scenarios where destinations were assumed to be in an optimal location, 
the closest facility for the type recycling (‘open’ or ‘closed-loop’). 
Although the collection and haulage of recycling material were found to have the largest 
environmental impact for all three systems, this was to be expected. This was because the 
transportation phase consumed diesel and thus emitted CO2e. However, this negative 
environmental impact was not enough to make the recycling of materials unfavourable and shows 
that recycling in any capacity is environmentally beneficial, when compared to the treatment and 
disposal of residual waste (Figure 7.10). 
As will be recalled from Figure 7.11, primary production emissions had the largest influence on the 
overall collection systems. This would suggest that prevention of waste would substantially reduce 
the environmental impacts of waste management. However, this is out of the scope of this project 
and therefore not considered herein. Once primary production emissions had been removed in 
Figure 7.12, it was seen that the OSS collection system produced the largest environmental impact 
from residual treatment; this was because a lower weight of material was collected for recycling and 
thus more ended up in landfill or EfW. 
From Figure 7.12 it was seen that the OSS collection system had the largest disposal emissions due 
to a reduced capture of materials from the households, but on average, it represented an 
improvement over the current management system. In Section 7.2 the legislation stated that ‘waste 
should be separately collected if technically, environmentally and economically practicable, before 
undergoing recovery operations that deliver the best overall environmental outcome’. If the data had 
only considered the environmental implications of a current collection system and the OSS collection 
system then for most districts in Surrey, it would appear that they should opt for this collection 
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method – even though it reduces overall recycling performance and forces more waste to be treated 
residually. This was because in five out of the eight OSS systems residual collection emissions were 
considerably lower as a result of the type of refuse collection vehicle being used. For OSS, this was a 
refuse collection vehicle with a capacity of 22 m3, collecting residual waste only – thus leading to 
lower fuel usage. On the other hand, for the current system, a rear end loader with a 70:30 split was 
used, resulting in an increase in fuel consumption from the collection of food waste (30%) on the 
same collection round as residual. As a result, a greater number of trips to the tipping point would 
be required, as the vehicle reaches weight capacity more quickly. It should also be noted that the 
additional impacts here are for the food waste stream, which was not a material category stipulated 
by the legislation but is still collected with the recyclates and residual materials. There are a number 
of reasons both social and environmental for collecting food waste separately, for example, by 
providing households with weekly food waste collection they can reduce residual collections to 
alternate weekly collection.  
However, on the consideration of an OCM collection system, this would appear not to be the case. It 
is very important to understand the lifecycle environmental impacts of the management system, 
particularly the influence of increased material capture. Interestingly, in the case of the OSS and 
OCM collection systems there are substantial savings over the current system due to the use of 
‘optimised’ reprocessors (recalling that the criteria of the optimised systems were that the closest 
(proximity) recycling facility was used, based on the suite of facilities used by all districts involved in 
the study). For Surrey, it would seem that optimisation rather than an overhaul of collection 
methods maybe more suitable. However, this cannot be concluded from the environmental analysis 
alone. The following section will consider the social implications of these systems and Section 7.8 
uses the methodology devised in Chapter 6 to collectively analyse the results. 
7.7 Sensitivity Analysis of Environmental and Economic Modelling 
7.7.1 Introduction 
It is important to conduct a sensitivity analysis of the key parameters of the model developed to 
evaluate the robustness of the assumptions made herein (Gentil et al, 2009). Sensitivity analyses are 
also necessary to understand which parts of the collection systems have the largest impact on the 
overall results. This is particularly important in this study, as local authorities need to be aware of 
any aspects that could change the outcome of the TEEP assessment, which could potentially make 
them non-compliant with the legislation (Hanandeh and El-Zein, 2010). In this instance, the 
sensitivity analysis has been modelled for environmental and economic aspects only, as the social 
considerations only occur within the stage of the options appraisal.  
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7.7.2 Methodology 
In order to carry out the sensitivity analysis it was first necessary to consider the parameters in both 
the environmental and economic models, Table 7.5. Table 7.5 identifies these parameters and 
Table 7.5 – Model parameters and justification for sensitivity analysis 
Variable Justification 
Economic Parameters 
Included 
Tipping points These parameters influenced the productivity of the collection crews and as such may have had an 
impact on overall costs.  
Numbers of productive 
staff 
Productive staff relate to the number of people employed to load the waste into the collection vehicle. 
As such, they are important to the efficiency and therefore the cost of collection systems. 
Length of working day Length of working day may influence the number of bins that can be collected per vehicle and as a 
result the number of vehicles required. 
Gate fees/income for 
materials 
The economic modelling showed that the value and costs of materials are important to the overall costs 
of a collection system. The nature of the commodities markets also means that this variable is subject to 
frequent change.  
Cost of treating residual 
waste 
Residual waste treatment costs are charged as a gate fee per tonne. Increasing the gate fee will bring a 
rise in costs even if the quantities of residual waste remain constant. The impact of these costs will be 
considered herein. 
Cost of bulking of residual 
waste 
Bulking costs of residual waste are applied as a gate fee in the same way as the treatment cost above. 
As different collection systems produce different quantities of residual waste, the cost of bulking this 
waste can have a significant impact on overall system costs and will be considered.  
Not Included 
Type of vehicle The vehicle types used were selected based on recommendations from WRAP and feasibility discussions 
with the districts vehicle types are therefore not considered to be parameters.  
Cost of new household 
bins 
The relative costs of containers (boxes and bins) between different collection systems are not likely to 
vary because they are made using similar processes and materials. 
Cost of vehicles The relative costs of the vehicles used between different collection systems are not likely to vary 
because they are made using similar processes and materials. 
Vehicle volume utilisation Utilisation assumptions are based on robust operational data and are unlikely to vary from the 
modelled values.  
Environmental Parameters 
Included 
Quantities of recyclables 
captured 
The environmental modelling showed that this variable had a significant environmental impact. 
Therefore, the impacts of changing material capture for each of the four materials was considered as 
well as the impact of changing all four materials at the same time. The purpose of which was to provide 
an indication of which materials may have the biggest impact on environmental emissions. 
MRF reject rates Reject rates have an impact on the quantities of materials that are recycled and consequently the 
environmental impact of a collection system that uses a MRF. 
Proportion of residual 
waste to landfill  
The environmental modelling shows that there are significant differences in the environmental impacts 
of landfill and EfW. Therefore, this variable can potentially have a large impact on results.  
Proportion of glass to 
‘closed-loop’ recycling 
The environmental modelling showed that the amounts of glass sent for closed-loop recycling were 
significantly different for all districts (some were 100%) which subsequently had differing impacts on 
the final emissions is a key variable in determining the outcome of the necessity test. It has been 
suggested that the districts make effort to improve this and therefore is important to model the impacts 
of any change to ‘closed-loop’. 
MRF energy use This variable has the potential to affect the relative environmental performance of the systems because 
commingled systems rely heavily on MRFs. 
Not Included 
Composition of collected 
waste 
The composition of waste will change in all scenarios and it is likely that these changes will cause similar 
effects in all systems. A variation in the capture of different materials has also been considered and as 
such may reflect these changes.  
Composition of MRF 
rejects 
Environmental modelling showed that this variable has a very limited environmental impact and 
therefore is not considered in the sensitivity analysis.  
Transfer station energy 
use 
The different collection systems have similar transfer station usage, so the relative impact of this 
variable on the results is limited. 
GHG conversion factors  Defra conversion factors have been used. These have been subject to much scrutiny before publication 
and are therefore considered to be robust and unlikely to change significantly in the short to medium 
term. 
MRF reject treatment 
method 
The composition of MRF rejects and the relatively lower price of Energy from Waste (EfW) compared to 
landfill means that it is safe to assume that rejects will continue to be sent to EfW rather than landfill. 
Fuel efficiency of vehicles It is unlikely that significant improvements in vehicle efficiency will happen in the short to medium 
term. 
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provides justification for those that are included in the analysis. The sensitivity analysis involved 
taking each variable in turn and changing it by an increment, whilst holding all other parameters 
constant. The parameters were altered by increments of 12.5% from 75% to 125%. Changes to the 
original value and the impacts on the total economic and environmental impacts for each collection 
system were recorded. All results can be seen in Appendix B4.  
The analysis was conducted on the optimised systems, only. The OSS collection system was chosen 
because it was the ‘default’ system advocated by the WEaWR (Section 7.2). The OCM collection 
system was chosen because it gave the most appropriate comparison, as opposed to the current 
system, which did not undergo as many assumptions. As the same modelling technique was used for 
all districts, only one district was used in this assessment. Woking Borough Council (WBC) was 
chosen because the collection system was thought to be representative of Surrey’s districts and in 
its compliance assessment the differences between commingled and separate systems were close, 
with commingled being better environmentally, while separate collections were better 
economically. Thus, a sensitivity analysis for WBC should identify which parameters have the most 
significant impact on the collection systems modelled. 
7.7.3 Results and Implications 
7.7.3.1 Economic Parameters 
The sensitivity analysis for economic impacts focused on changes to the overall costs of each 
collection system, Figure 7.13 and 7.14. The variables examined are expected to affect the overall 
costs as a result of changing the collection costs and/or changing the costs of managing the collected 
materials.  
Material Capture. Figure 7.13 shows that material capture and material gate fees have an influence 
on the cost of the OCM collection system. The influence of changes in paper capture and glass 
capture were the most significant resulting in costs of over £115,000 and ± £45,000, respectively. 
The impact of increasing the capture of materials positively correlates with a reduction in the overall 
cost of the system, as more revenue can be obtained for these materials. This is similar to the OSS 
collection system (Figure 7.14) for paper and glass. However, something interesting happens when 
plastic capture is increased in the OSS collection system. Increased capture of 25% would lead to 
increased costs of ~£95,000. This is due to the volume of the plastic waste. The vehicles used by the 
OSS collection system do not have compaction equipment and as plastic waste is a ‘less dense’
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Figure 7.13 – Economic sensitivity analysis results for the OCM collection system. 
Mixed
Materials Gate
Fee
Paper Capture Plastic Capture Glass Capture Metal Capture
Journey
Distances
Residual
Bulking and
Transfer
Residual
Treatment
Recycling
Working Day
Residual
Working Day
125% £44,483 -£117,613 -£10,053 -£57,999 -£8,775 £14,394 £50,380 £234,267 -£106,653 -£114,704
113% £22,284 -£70,638 -£10,963 -£34,896 -£4,388 £6,902 £25,190 £117,184 £15,886 £-
Baseline Costs £- £- £- £- £- £- £- £- £- £-
88% -£22,199 £58,350 £10,965 £22,902 £4,388 -£8,109 -£25,190 -£117,083 £- -£1,413
75% -£44,483 £116,756 £21,932 £45,813 £8,776 -£15,614 -£50,380 -£234,267 £11,870 £131,071
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Figure 7.14 – Economic sensitivity analysis results for the OSS collection system. 
Paper
Gate Fee
Glass Gate
Fee
Plastic
Gate Fee
Metal
Gate Fee
Paper
Capture
Plastic
Capture
Glass
Capture
Metal
Capture
Journey
Distances
Journey
Distances
Residual
Bulking
and
Transfer
Residual
Treatment
Recycling
Working
Day
Residual
Working
Day
125% -£39,300 -£5,441 -£1,020 -£2,660 -£24,796 £95,152 -£43,609 -£9,696 £7,320 £7,320 £60,425 £280,976 -£110,849 £1,132
113% -£19,650 -£2,721 -£510 -£1,330 -£71,363 -£11,378 -£21,806 -£4,848 £3,508 £3,508 £30,212 £140,548 £8,180 £1,045
Baseline Cost £- £- £- £- £- £- £- £- £- £- £- £- £- £-
88% £19,650 £2,721 £510 £1,330 £71,388 £11,396 £21,809 £4,849 -£4,117 -£4,117 -£30,212 -£140,428 -£181 £150,861
75% £39,300 £5,441 £1,020 £2,660 £142,800 £22,814 £43,620 £9,698 -£7,929 -£7,929 -£60,425 -£280,976 £234,713 £279,061
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material than residual materials, meaning that the collection vehicles fill up quicker and 
consequently more are required to meet the increased demand. This is very important for the 
feasibility of an OSS collection system, from this research an OSS collection system may not be 
economically practicable to use. 
Residual gate fees had a significant influence over the economic performance of both the OCM and 
OSS collection systems. An increase of +25% could lead to increased expenditure of £235,000 and 
£281,000, respectively. This is an important result for any local authority, as gate fees for residual 
treatment continue to rise (WRAP, 2011; 2013c). As such, local authorities should look to minimise 
the amount of material sent for residual treatment. 
Working day. Interestingly, the length of the working day, for both recycling and residual collections 
also had a substantial influence over the economic performance of the OCM collection systems. In 
both cases, increasing the length of the working day reduced collection costs, as more households 
could be visited over the course of one day, as opposed to spreading the costs out over several days.  
However, there may be social issues relating to changing the working day, which would make such 
changes infeasible. For the OSS collection system, increasing the working day for recycling materials 
could reduce costs by ~ £110,000. However, decreasing the length of the working day would 
substantially increase costs (~£235,000). This is because a reduction in the length of the working day 
would result in less houses being visited in that day and therefore, collections would have to take 
place on more days.  
7.7.3.2 Environmental Parameters 
The sensitivity analysis for the environmental impacts looked at overall changes to the kg CO2e 
emissions for each system. Figure 7.15 and 7.16 show the absolute changes in kg CO2e that could be 
seen if the parameters were to increase or decrease by up to 25%. The six parameters shown to 
have a significant effect (where significance is determined by a value greater than ± 100,000 kg 
CO2e) will be discussed in turn.  
Residual destinations. For the OCM collection system, Figure 7.15 showed that when more residual 
material was sent to EfW, then there was a greater environmental benefit than if there was an 
increase in material sent to landfill (a saving of 765,000 kg CO2e). This suggests that the influence of 
residual treatment has a considerable impact over the environmental performance of a collection 
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Figure 7.15 – Environmental sensitivity analysis results for the OCM collection system.  
MRF Reject
Rate
MRF Energy
Use
EfW Landfill
Paper
Capture
Plastic
Capture
Glass
Capture
Metal
Capture
Journey
Distances
Closed-loop
Glass
Recycling
Working
Day
Residual
Working
Day
125% 51,882 11,896 -200,349 565,816 -612,705 -329,569 -170,075 -224,826 31,479 -37,556 37,401 9,766
113% 26,120 5,948 -98,939 283,984 -334,455 -178,758 -99,167 -112,413 15,116 -18,778 37,401 -
Actual CO2E - - - - - - - - - - - -
88% -25,762 -5,948 100,181 -282,743 306,197 178,758 70,909 112,413 -17,610 18,778 - -
75% -51,882 -11,896 198,210 -567,638 612,393 357,516 141,818 224,826 -33,972 37,556 27,947 28,258
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Figure 7.16 – Environmental sensitivity analysis results for the OSS collection system. 
 MRF Reject
Rate
 MRF Energy
Use
EfW Landfill
Paper
Capture
Plastic
Capture
Glass
Capture
Metal
Capture
 Journey
Distances
 Glass
(closed)
Recycling
Working Day
Residual
Working Day
125% 9,128 373 -271,492 766,217 -335,458 -279,367 -116,836 -151,056 15,768 -43,616 - -
113% 4,596 187 -134,192 384,443 -171,582 -143,537 -58,418 -75,528 7,321 -21,808 - -
Baseline CO2E - - - - - - - - - - - -
88% -4,533 -187 135,528 -383,161 171,582 143,537 58,418 75,528 -9,573 21,808 21,194 21,194
75% -9,128 -373 268,239 -768,984 343,165 287,074 116,836 151,056 -18,020 43,616 -5,143 -5,143
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system. Results from Figure 7.16, the sensitivity analysis performed on the same parameters in the 
OSS collection system also showed similar results. However, the influence of material sent to landfill 
is greater (emitting 766,000 kgCO2e). This was because the OSS collection system had a lower 
capture rate for recycling and consequently, more residual material was produced. 
Material capture. Firstly, in Figure 7.15, the capture of paper is shown to be the parameter that had 
the largest impact on the environmental modelling for the OCM system, suggesting that the more 
paper that is captured for recycling then the greater the environmental benefit, illustrated by a 
reduction in carbon of 600,000 kg CO2e. This can also be implied for plastics, metals and glass all 
showing a similar trend, although their total impacts are less than that of paper, as they make up 
less weight in the waste composition. This infers that the influence of the amount of material 
captured for recycling has the most significant influence over a recycling collection. Again, from 
Figure 7.16 material capture also showed a similar influence on the OSS collection system, where 
paper capture provided the largest savings of all materials at 365,000 kg CO2e. 
Materials Recovery Facilities. The parameters related to the MRF facility were shown to have little 
impact on the overall emissions for the OCM collection system, Figure 7.15. The amount of rejects at 
the MRF was shown to have a minor influence on the environmental impact of the OCM system 
(emitting 12,000 kg CO2e). Increasing the proportion of contamination led to an increase in the 
environmental impacts of the system (52,000 kg CO2e). This would suggest that the better sorted the 
material at the household, the lower the environmental impacts from this part of the system, which 
would also support an OSS collection method. Further, an increase in MRF energy use would, as 
expected, increase the environmental impacts of the system. This is because higher energy 
consumption to treat additional material at the MRF requires an increase in the burning of fossil 
fuels to supply energy and thus emits a larger amount of emissions. Interestingly, when considering 
parameters relating to the collection system logistics there appears to be step-changes in the 
environmental impacts, all of which result in greater emission production. This is as a result of the 
modelled system working at optimum capacity with the correct length of working day.  
7.7.4 Summary 
In summary, it appears that for the OCM collection system the parameters which have the largest 
influence on both the environmental and economic modelling are: material capture (paper in 
particular) and residual treatment. Both showing that increases in material capture could reduce 
both economic costs and environmental burdens. At the same time, a reduction in waste sent to 
residual treatment could reduce costs and negative environmental impacts. The same can also be 
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seen for the OSS system, where an increase in materials capture can increase the financial savings as 
well as reducing the environmental burden (except for plastics). For the OSS collection system, the 
impact of landfill is greater than for the OCM collection system; this is because the OSS collection 
system has a greater proportion of residual waste. Both systems showed that an increase in waste 
sent to landfill would have a substantial negative impact on the environment.  
However, for SCC and the SWP this sensitivity analysis shows that the most important factors to be 
aware of are: the amount of residual material being treated by landfill and the amount of material 
being captured for recycling. Interestingly, this work also showed the thresholds of the systems with 
regards to changing the length of the working day.  
7.8 Options Appraisal of Management Alternatives 
A methodology for Multi-Attribute Utility Theory (MAUT) was developed in Chapter 6, in order to 
fairly and transparently assess the merits of alternative waste management options. In the case of 
this chapter, the MAUT methodology was applied to each collection system for the eight districts 
modelled. It was noted that for criteria regarding ‘Material Weight’ the scoring method was not 
appropriate to the system being analysed. Therefore, the following amendments were to the sub-
criteria: 
 0 points are awarded if weight of material sent to ‘closed-loop’ is less than BAU. 
 50 points are awarded if weight of material sent to ‘closed-loop’ is the same as BAU (also 
awarded to BAU). 
 75 points are awarded if there is an increase in the weight of material sent to ‘closed-loop’ 
recycling. 
 100 points are awarded if all material is sent for ‘closed-loop’ recycling. 
An example of the scoring can be seen in Table 7.6 (a) and justification in 7.6 (b). Results for the 
remaining districts can be seen in Appendix B5. The use of MCDA to assess all of the three collection 
systems can provide a fair basis for comparison, as all systems are judged using the same criteria; 
the overall results of the MAUT method are shown in Figure 7.17. The purpose of this study was to 
understand which collection method was most appropriate to conform to the WEaWR (as amended 
2011). It will be recalled from Section 7.2 that the legislation stipulates: 
‘waste should be separately collected if technically, environmentally and economically practicable, before 
undergoing recovery operations that deliver the best overall environmental outcome’ (EC, 2008)’. 
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Table 7.6 (a) – Example of MCDM scoring method for Epsom and Ewell. 
  
Primary 
criteria 
  
Sub-Criteria 
Current  OCM OSS 
Score 
Score with 
weighting 
Score 
Score with 
weighting 
Score 
Score with 
weighting 
En
vi
ro
n
m
e
n
ta
l Material weights (0.2) 50 10 75 15 75 15 
Recycling rate  (0.2) 50 10 100 20 100 20 
Lifecycle greenhouse gas emissions (0.2) 50 10 0 0 0 0 
Compliance with regulations (0.2) 50 10 50 10 50 10 
Management type (0.2) 20 4 20 4 20 4 
 Total weighted 11.0   12.3   12.3 
So
ci
al
 
Job creation (0.25) 50 12.5 0 0 0 0 
Quality of life (0.25) 50 12.5 50 12.5 50 12.5 
Social acceptance (0.25) 50 12.5 50 12.5 50 12.5 
Usability of service offered (0.25) 50 12.5 100 25 100 25 
 Total weighted 12.5   12.5   12.5 
Ec
o
n
o
m
ic
 
Capital costs (0.11) 0 0 0 0 0 0 
Operational costs (0.11) 0 0 0 0 0 0 
Collection costs (0.11) 50 6 100 11 75 8 
Haulage costs (0.11) 0 0 0 0 0 0 
Receptacle costs (0.11)  50 6 50 6 0 0 
Financial risk (0.11) 100 11 100 11 100 11 
Gate fee (0.11) 50 6 50 6 50 6 
Revenue generation (0.11) 25 3 0 0 25 3 
Total system cost (0.11) 50 6 100 11 100 11 
 Total weighted 8.9   11   9.6 
Te
ch
n
ic
al
 
Commercial viability in county of 
residence (0.25) 100 25 100 25 100 25 
Maturity (0.25) 100 25 100 25 100 25 
Existing infrastructure (0.25) 100 25 100 25 100 25 
Flexibility (0.25) 0 0 0 0 0 0 
Total weighted 18.8   18.8   18.8 
 
Total for Option 51.2 54.5 53.1 
 
% 51% 55% 53% 
1
49
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Table 7.6 (b) – Example of MCDM justification for Epsom and Ewell. 
  
Justification 
 
Primary 
criteria 
 
Sub-Criteria 
Current OCM OSS 
En
vi
ro
n
m
e
n
ta
l 
Material weights 5,452 tonnes to ‘closed-loop’. 6,176 tonnes to ‘closed-loop’. 6,418 tonnes to ‘closed-loop’. 
Recycling rate  Recycling rate of 32%. Recycling rate of 36%. Recycling rate of 38%. 
Lifecycle GHG Lowest emissions -2,119,616 kg CO2e. Higher emissions that BAU (-644,404 kg CO2e). Higher emissions than BAU (-860,556 kg CO2e) 
Compliance with 
regulations  
It is uncertain how the EA will implement the 
regulations. 
It is uncertain how the EA will implement the 
regulations. 
It is uncertain how the EA will implement the 
regulations. 
Management type The majority of materials are sent for EfW and as such 
20 points are awarded 
The majority of materials are sent for EfW and as such 
20 points are awarded 
The majority of materials are sent for EfW and as such 
20 points are awarded 
So
ci
al
 
Job creation 30 people currently employed for collection. 21 people are employed for collection. 27 people are employed for collection system. 
Quality of life  No perceived change to QoL. No perceived change to QoL. No perceived change to QoL. 
Social acceptance From the survey, resident attitudes to recycling 
appeared positive30. 
From the survey, resident attitudes to recycling 
appeared positive. 
From the survey, resident attitude to recycling 
appeared positive. 
Usability of service 
offered 
80% based on consultation with district. 95% to achieve 'optimised' status. 95% to achieve 'optimised' status. 
Ec
o
n
o
m
ic
 
Capital costs  Not applicable in this context as not an infrastructure 
project. 
Not applicable in this context as not an infrastructure 
project. 
Not applicable in this context as not an infrastructure 
project. 
Operational costs  Included as collection costs as this study does not 
involve building infrastructure. 
Included as collection costs as this study does not 
involve building infrastructure. 
Included as collection costs as this study does not 
involve building infrastructure. 
Collection costs  Highest cost at £1.5 million. 27% reduction (£1.1 million). 5% reduction (£1.4 million). 
Haulage costs  Haulage is not included in study. Haulage is not included in study. Haulage is not included in study. 
Receptacle costs  Costs are equal to 10% total system costs (£330,933). Costs are equal to 11% total system costs (£324,893). Costs are equal to 10% total system costs (£297,991). 
Financial risk  No risk associated and it is part of statutory duty for 
LA. 
No risk associated and it is part of statutory duty for 
LA. 
No risk associated and it is part of statutory duty for 
LA. 
Gate fee  All gate fees for residual treatment are £93 per tonne All gate fees for residual treatment are £93 per tonne All gate fees for residual treatment are £93 per tonne 
Revenue generation  Average income received for recyclable £26.50.  No revenue achieved, average cost paid to MRF for 
recyclables is £8.  
Average revenue received is £40 per tonne for 
separately collected material.  
Total system cost  BAU costs are £3.3 million. 12% reduction in total costs (£2.9 million). 12% reduction in total costs (£2.9 million). 
Te
ch
n
ic
al
 
Commercial viability in 
county of residence  
Technology for collecting and sorting of material is well 
established. 
Technology for collecting and sorting of material is well 
established. 
Technology for collecting and sorting of material is well 
established. 
Maturity  Technology is operational in the UK. Technology is operational in the UK. Technology is operational in the UK. 
Existing infrastructure There is sufficient infrastructure capacity in the UK to 
manage recycling collections. 
There is sufficient infrastructure capacity in the UK to 
manage recycling collections. 
There is sufficient infrastructure capacity in the UK to 
manage recycling collections. 
Flexibility  There is no way to determine this for this study. There is no way to determine this for this study. There is no way to determine this for this study. 
                                                        
30
 This was based on 66% of people believing that recycling is not messy or smelly, 64% believing that services provided are adequate, 72% people saying they already maximize their recycling 
and 79% agreeing that it is easy to recycle (SCC, 2015). 
1
50
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 Figure 7.17 – Total MCDM score   
In seven out of the eight districts, the OCM (optimised commingled system) collection system 
scored the highest, ranging from 55 to 62 (averaging 59/100). The lowest scores were for the 
current system, ranging from 50 to 54 (averaging 52/100). Whilst the OSS (optimised source-
segregated) collection system scored 52 to 62 (averaging 55/100). The scores for all systems 
were relatively close, Figure 7.17. There are several reasons for this. Firstly, because the systems 
used similar technologies meant that all districts, in all scenarios, scored 19/25 for the primary 
criteria technology. This was because, the technology was judged to be well-established, on the 
basis that all local authorities in the UK already offer either source-segregated or commingled 
collections, for which there is operational and sufficient infrastructure available. Furthermore, 
the collection systems offered relatively similar services and therefore it would be expected that 
the overall scores would be similar. 
On reconsideration of the legislation, in seven out of the eight districts, there is no justification 
to switch to an OSS collection system. Instead, SCC should work with the district and borough 
councils to improve commingled recycling services already offered. In the case of Spelthorne, 
where the OSS collection system had the highest score (62/100) as compared to the OCM 
collection system (61/100), it is necessary to look more closely at the individual category scores. 
Figures 7.18 (a) to (c) show how the individual districts scored for each of the primary criteria. 
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Figure 7.18 (a) – Environmental MCDM scores. 
 
Figure 7.18 (b) – Social MCDM scores. 
 
Figure 7.18 (c) – Economic MCDM scores. 
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When environmental criteria are considered independently, the OCM system has the best 
performance in seven out of the eight districts, except for Spelthorne, where OSS and OCM 
collection systems scored evenly. This is because the OCM system tended to score higher for the 
material weight and recycling rates sub-criteria, whilst, all systems scored evenly for compliance 
with regulation. Further, the OCM and OSS collection systems had substantial reductions in 
GHGs in terms of kg CO2e as compared to the current system, which could be responsible for 
that system receiving lower overall scores, Figure 7.17. 
For the social primary criteria, the OSS collection system had the highest scores for all districts, 
except for Epsom and Ewell and had the highest scores in four out of the eight districts. The 
reason for this difference was due to the number of staff employed as part of the OSS collection 
system. More staff would be required and thus more jobs are created, as compared to the 
current system. This is because the collection of materials is more labour intensive than the 
OCM and current system counterparts. Also more staff would be required to meet the demands 
of the households, because source-segregated collection vehicles have a quicker filling rate than 
commingled collection vehicles, as they do not have any compaction equipment. 
Finally, the overall economic scores in all districts were lower than for the other categories. This 
is because there were several sub-criteria where all districts scored zero. This was because of 
insufficient data to calculate the results, for example capital costs scored zero in all scenarios for 
all districts, as there was no capital expenditure for infrastructure included in this case study. 
The number of sub-criteria under economics was higher than the other aspects; this is because 
there are several facets of costs that must be considered separately. For example, the revenue 
obtained for a material can be hidden in the total costs and therefore it is best to have both 
criteria to enable comparison between systems. 
7.9 Discussion 
The role of local authorities within the ‘Waste Supply Chain’ has been a central theme 
throughout this work along with the concept of Waste as a Resource. The importance of the 
collection of materials by local authorities on both the downstream supply chain and the use of 
the material as a resource has been highlighted.  
The ‘Technically, Economically, Environmentally Practicable’ (TEEP) analysis has highlighted the 
importance of understanding the kinds of material present and the options available for 
treatment. Each of the district and boroughs interacted differently with the supply chain and as 
a result, each obtained different incomes for their material. In some instances, districts received 
payment of £20 per tonne, whereas others paid anywhere between £5 and £22 per tonne. The 
reason for this was due to the historic and present relationships that district and borough 
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councils have with the MRF operators responsible for separating the materials. Consequently, 
this has a larger impact on the economic performance of each system and the same system in 
different areas in relation to the TEEP assessments considered here. Therefore, this variability 
makes it difficult to determine what collection system is economically preferential. It was only in 
the case of the residual waste, which was centrally controlled by Surrey County Council (SCC), 
where all gate fees were the same. This could be based on the premise of economies of scale, 
but is more likely due to the impact of landfill tax and reduced competition. For example, 
residual waste treatment has to follow strict guidelines and consequently, there are more 
limited management options when compared to recyclates. On the other hand, the supply chain 
for recyclable materials involves a larger number of stakeholders with fewer restrictions to 
conform too particularly once the material has been separated and is sent for secondary 
reprocessing. 
Furthermore, in the case of using waste as a resource, there were issues relating to data 
collection downstream. Some MRF operators provided very detailed data with regards to the 
onward reprocessing of materials, whilst others did not. As such, this meant that it was difficult 
to determine how the waste was being utilised and what reprocessing was taking place. For 
example, the MRF operators tended to sell their materials to a wide range of secondary 
reprocessors depending on who was offering the best price. The problem was made difficult 
when brokers were used to sell on the material, as there was no way to determine how the 
material was subsequently managed. Therefore, this makes it difficult for local authorities to 
fully understand where the material is being sent particularly in the case of the OCM system.  
Moreover, in terms of closing the material loop and using waste as a resource, this case study 
has shown that the relationship that local authorities have with the supply chain has significant 
impacts on their ability to be part of this transition, as well as their ability to meet the 
requirements of the legislation. If we consider the concept of ‘Known Knowns’, from Chapter 3, 
where local authorities know something about the waste stream and about the collection 
system, they are believed to have a full knowledge base. However, what this study has shown is 
that by changing the boundaries of what is expected of local authorities you change their 
knowledge base. In using the LAOMMaF in this context, the use of current local authority 
knowledge has been able to explore how different collection systems perform based on a range 
of criteria. On the other hand, it has shown that there is also a lot of information that local 
authorities will need to acquire if they do wish to change the way they operate within the 
‘Waste Supply Chain’, particularly from a materials sustainability perspective. Such that, the use 
of LAOMMaF in this context has also provided a series of key learning’s, which are: 
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 Greater transparency is required within the supply chain in order to understand how 
materials are used and what changes can be made to improve secondary material use. 
 If local authorities are to improve the ‘sustainability’ of waste management, they must 
change the way they currently operate within the supply chain and be given greater 
powers to determine where and how their material is recycled. 
 Local factors mean that there is not a ‘one-size fits all’ collection system and therefore 
any decisions must be specific to the locality. 
 If the purpose of a collection system is to maximise material recycling, commingled 
collections systems reduce the amount of waste being sent for residual treatment.  
7.10 Summary 
The purpose of this chapter in the thesis was to apply the refined version of LAOMMaF, as 
presented in Figure 7.1(b) to a ‘real-life’ problem faced by Surrey County Council (SCC). The 
WEaWR (2011) require those responsible for the collection of Municipal Solid Waste (MSW) to 
separately collect paper, glass, metals and glass if it was ‘Technically, Economically, 
Environmentally Practicable’ to do so. Therefore, the first stage in this assessment was to 
identify the waste streams to be targeted, as stipulated by the legislation, these were: paper and 
card, metals, glass, plastics and the remaining residual waste. The next stage was to examine the 
alternative management options. In this instance and as a result of the legislation, the 
alternative collection system was ‘source-segregated’. However, in order to provide a fair 
assessment (as none of the districts operated fully source-separated collection system); the 
decision was made to compare an optimised source-segregated system, with an optimised 
commingled collection system. The environmental and economic impacts were then quantified 
using bespoke methodologies. The results of the modelling where then applied to the Multi-
Attribute Utility Theory (MAUT) methodology outlined in Chapter 6. It was found that for each 
district the results differed. This was because of local factors, which included: the amount and 
composition of waste, the number of households, the rurality of the district and district 
preferences on collection system variables (such as the type of refuse collection vehicles used).  
However, a limitation to this work is that social impacts were not fully assessed throughout the 
entire system in the form of a Social Lifecycle Analysis (SLCA). Firstly, this was not a requirement 
of the legislation, for which LAOMMaF had been applied. Further, there was a lack of sufficient 
data to be able to understand the social impacts of waste treatment technologies in other 
countries where waste was sent to be reprocessed. In order to improve the social assessment of 
waste management systems, in this context, it would be useful for further work to explore the 
social impacts of the ‘Waste Supply Chain’ from a systems perspective as opposed to the 
perspective of the local authority. This is because consideration of social benefits (and 
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disadvantages) are central to the work provided by local authorities and are assumed to be 
included as part of the services delivered, as opposed to understood for the system as a whole. 
Fundamentally, recycling on this scale must be treated as a system and the optimum 
performance of the system may mean that individual parts do not achieve their full potential. 
The implication of this work is that, whilst there are still market outlets for the materials being 
produced through a commingled system, separate collections in their current form would not 
improve the environmental and economic performance of the waste management sector (in 
Surrey). It also indicates that optimisation, rather than reform, could substantially improve 
overall sustainability. In turn, this leads us back to the Waste Hierarchy - it is best to reduce the 
usage of something, or, if possible, design it out completely, but in itself, that is not a practicable 
answer to the whole question. As ever, the boundary conditions must be considered: the 
assessment carried out here is for an average recyclate that has not considered further recycling 
of that material, reduction, or reuse. Consequently, sustainability is complex – it is a journey, not 
a destination. What is true today may not be true tomorrow. What follows in the subsequent 
chapter is a discussion of the work presented in this thesis, considering how it has been used to 
allow local authorities to make more informed decisions with regards to sustainable waste 
management choices. 
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Chapter 8 – Concluding Remarks 
 
8.1 Introduction  
Waste is an inevitable output of our modern lives. Industrialisation and globalisation have 
facilitated society’s desire (and capacity) to consume more products and their associated 
packaging than previous generations. Such increases in consumption are responsible for the 
increasing amounts of material that arise in the household waste stream, which are now 
managed by a global network of formal and informal employees. Throughout this thesis such 
attitudes, along with the European Union’s widely accepted definition of waste as ‘any 
substance or object, which the holder discards or intends or is required to discard’, has been 
challenged. Items that householders no longer require should not simply be discarded as waste 
but instead should be appreciated for the inherent value they possess and the new products 
they can become. A central theme of the current work is the paradigm shift ‘From Waste to 
Resource’. This is important both for issues of resource security and sustainability: indeed whilst 
the times of ‘make do and mend’ can appear to be in the past, there is a great deal of interest in 
reusing and recovering material resources, especially if components or assemblages can be 
refurbished or ‘upcycled’. This final chapter will summarise the work in this thesis indicating the 
key findings and present opportunities for future work. 
8.2 Summary of Research  
In the context of this work, resource security and sustainability are viewed from the perspective 
of local authorities. Local authorities are responsible for the management of waste from 
households and as such are the link between capturing resources and the reprocessing industry. 
For local authorities, sustainability means the implementation of management practices which 
are socially, environmentally and economically acceptable. Although not a new concept, 
sustainability has not always been central to local authority decision-making for the planning 
and development of waste management. It is worth noting that a more active management 
approach can help local authorities to reduce expenditure and perhaps even to develop a 
revenue stream to supplement income deriving from (capped) taxes. This has significant 
implications for society. 
This thesis considered the potential for, and development of, a decision-making tool to assist in 
determining appropriate waste management strategies, particularly in light of recent legislation 
(WEaWR, 2011), in a transparent and justifiable manner. The Local Authority Optimal Material 
Management Framework (LAOMMaF) has been designed in order to support decision-making in 
light of varying local authority knowledge based on the approach to ‘Knowns and Unknowns’ 
first outlined by Rumsfeld (2002). The structure of the decision-making framework developed in 
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the current work consists of four main steps. These are: establishing baseline impacts, exploring 
alternative options, generating the evidence-base for alternative management options in line 
with the social, economic and environmental principles of sustainability and an appraisal of the 
identified options using Multi-Criteria Decision-Making (MCDM) techniques.  
8.3 Key Findings  
This thesis presented research on the development of a tool, which enables local authorities to 
access value (taking due account of social, environmental and economic principles) from their 
waste streams. This tool is presented as a Decision-Making Framework (DMF): specific aspects, 
dealing with particular issues, have been explored through case studies.  
The objectives for this work were outline in Chapter 1. They were: 
 Objective 1: Develop a methodology to calculate the weight of ‘problematic’ material 
streams. 
 Objective 2: Develop a composition specification that allows for the review of material 
streams within Surrey, in order to identify problematic materials31 or those with unknown 
recovery routes.  
 Objective 3: Identification of reuse, recycling and recovery opportunities for key waste 
streams. 
 Objective 4: Produce a Decision-Making Framework that can be used to aid sustainable local 
authority decision-making and test its suitability. 
Consequently, the key findings arising from this research will now be discussed. 
Calculate the weight of ‘problematic’ material streams. Chapter 4 presented a methodology 
that could be used to calculate the weight of a problematic material, Absorbent Hygiene 
Products (AHP), in the absence of a composition specification. The calculation was important in 
supporting decision-making in cases of data-deficiency. This is because it can allow local 
authorities to utilise readily available data sources such as population statistics and consumption 
behaviours, to predict whether a material stream would be of significant economic or 
environmental importance. The work in this Chapter showed that AHP was approximately 4.5% 
of the total amount of waste generated in Surrey and responsible for a treatment cost of £2.2 
million. Consequently, it was identified as a substantial waste stream that required targeted 
management.  
A Review of Waste Streams within Surrey. Many materials are already recycled as a matter of 
course leaving residual matter that goes to landfill or is treated by other, less environmentally 
                                                        
31 Problematic materials refer to those which are not conventionally considered for recycling. 
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favourable management options. A key issue then is the identification of problematic materials 
and those with unknown recovery routes. This is because material availability governs: what 
management options are used, what the economic costs of collection and subsequent 
management are, as well as what the environmental and social impacts will be. Therefore, a 
method by which local authorities can examine their material streams and make informed 
choices about the future, improves their decision-making ability. 
In Chapter 5, work was carried out to examine the availability of waste in Surrey. It was 
established that there was a lack of consistency between the ways in which different data, with 
regards to the sources of household waste, were being recorded. This inconsistency made it 
difficult to understand the availability of materials in Surrey. As a result, a standardised 
composition specification was developed. The work reviewed a range of specifications from 
other local authorities, government, and industry. This exercise highlighted the inconsistencies 
found in Surrey. The knowledge gained from a review of previous specifications was used to 
design a standardised specification that could be used to collect data from kerbside collections, 
together with data from community recycling centres. The districts and boroughs reviewed the 
study before it was used to collect the composition data for Surrey 2013 to 2014. An outcome of 
the work was that 2013 to 2014 was the first year where SCC could understand the total amount 
of material available, due to the coupling of kerbside and community recycling data using the 
approach developed. They can now also understand complex waste streams that had previously 
been omitted from specifications, including absorbent hygiene products and wood. The 
approach has been used widely in Surrey to improve communication with reprocessors, 
particularly in relation to the four materials currently collected from the kerbside: paper and 
card, metals, plastics and glass. Furthermore, this specification is also being used to allow SCC to 
prioritise their materials management. This work has highlighted some key considerations for 
the waste industry. These were: 
i) there is an imminent need for the ‘Waste Supply Chain’ to work together in order to 
understand what materials are being manufactured and what materials are being 
disposed of, in order to facilitate the circular economy;  
ii) the role of legislation and the subsequent impact it can have on waste generation, 
both positively and negatively; 
iii) the importance of understanding the total amount of waste and also understanding 
specific material streams, and, 
iv) issues regarding national and aggregate data masking changes at the local level. 
 Chapter 5 was used to support the decision-making process in the ‘establish baseline impacts’ 
stage of the DMF. This is because it enabled a more informed baseline to be established; a 
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greater understanding of material availability allows the true impacts to be identified, compared 
to the aggregated composition used previously by Surrey.  
Identification of reuse, recycling and recovery opportunities for key waste streams. Chapter 6 
outlined a MCDM methodology based on the principles of Multi-Attribute Utility Theory 
(MAUT). The purpose of the methodology was to appraise the management options under 
investigation, in a way that provides a fair weighting to social, economic and environmental 
considerations. The application of MAUT was selected as it could be used relatively easily by any 
local authority officer, unlike the other tools, which require specially trained operatives and also 
enabled transparent communication and justification. The MAUT methodology was applied to a 
case study of wood waste. The drivers for this research were a combination of legislative, 
environmental, and economic. Due to a lack of data, the case study was a desk-based review, an 
example representative of the challenges many local authorities face. The work found that 
MAUT could be used to provide useful results that allowed SCC to best understand the options 
available to them, particularly when there is a lack of data relating to specific problems, for 
example Grade C wood waste. 
Decision-Making Framework Development and Application. A decision-making framework, the 
Local Authority Optimal Materials Management Framework (LAOMMaF), was proposed in 
Chapter 3. The framework was developed based on the literature reviewed in Chapter 2, as well 
as experiences obtained within a Local Authority context. The Subsequent chapters of the thesis 
were then used to refine the framework. 
To better understand if the framework developed would be suitable for use by local authorities, 
LAOMMaF was tested using three materials based case studies. In Chapter 4, the LAOMMaF was 
applied to the case study of Absorbent Hygiene Products (AHPs). AHPs were selected as a 
material of interest due to several external drivers. The first was a political driver, whereby the 
Department for Communities and Local Government was offering financial support for weekly 
residual collections. The second was a combination of both economic and environmental 
drivers, in relation to the benefits of collecting this material separately. 
An initial SWOT analysis of management options was used to understand if any alternatives 
were available and suitable in the context of Surrey. Then the calculation of economic costs and 
environmental emissions quantified as CO2e emissions, for the baseline and alternative options 
were conducted. Use of the LAOMMaF was successful in identifying the optimal management 
scenario for this material in line with the principles of sustainability. As a consequence of this 
work, SCC along with the Surrey Waste Partnership (SWP) are now exploring financial options to 
invest in the technology provider suggested in by the LAOMMaF. They are also using the 
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methodology to refine participation in the service and the associated collection costs. This study 
was important as it outlined areas in which the DMF required refinement. 
The development of the MCDM technique MAUT developed in Chapter 6 was combined in with 
the other methodologies to refine the DMF. Further application of the refined DMF was 
explored in Chapter 7. The case study developed was as a response to a legislative driver, the 
requirement of the WEaWR (as amended 2011). This legislation required all local authorities to 
assess whether or not their collection systems were ‘Technically, Environmentally, Economically, 
Practicable’ (TEEP) compliant. To ensure compliance, environmental and economic modelling 
was carried out for eight of the districts in Surrey. The work compared ‘Business As Usual’ (BAU), 
with two optimised collection systems; these were Optimised Source-Segregated (OSS) and 
Optimised Commingled (OCM). The work found that a 'one-size fits all' collection methodology is 
not available to suit all districts and boroughs. This is mainly due to local authorities receiving 
and paying different gate fees for their recyclate material. The work has shown a need for 
greater transparency within the waste supply chain, and increased coordination and 
cooperation between stakeholders, in order to maximise material recovery and associated 
economic, environmental, and social benefits. 
Dissemination of Research. From the work included in this thesis, two papers have been 
published in academic journals:  
1. Cox JA, Druckman A, Jesson DA, Mulheron M, Smyth M and Trew H (2015a) MSW as a 
resource, Part 1: A case study in specifying composition. Proceedings of the Institution of 
Civil Engineers: Waste and Resource Management, 
http://dx.doi.org/10.1680/warm.14.00013. Appendix 1. 
2. Cox JA, Druckman A, Jesson DA, Mulheron M, Smyth M and Trew H (2015b) MSW as a 
resource, Part 2: A case study in sustainable management. Proceedings of the Institution 
of Civil Engineers: Waste and Resource Management, 
http://dx.doi.org/10.1680/warm.14.00013. Appendix 2. 
The work in Chapter 4 was also presented at the International Society of Industrial Ecology 
Conference, South Korea, 2013. Work from Chapter 8 was showcased at the National 
Association of Waste Disposal Authorities, London, 2014  (NAWDO); where it was positively 
received as ‘best practice’, in order to meet the requirements of the legislation. Consequently, 
the work was published in the March 2015 of Materials World and was called ‘Towards Closed-
Loop’, Appendix 3. 
In summary the work in the thesis has identified several key themes, these are: 
 Understanding material composition and weight is essential to the implementation of 
successful waste management. 
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 A proactive approach to waste management problems can help prevent the 
implementation of ‘sub-optimal’ management practices. 
 Local authorities are heavily reliant on private sector companies, the resulting 
relationships adopted, subsequently impact on the waste management practices 
implemented by local authorities and also how they are able to reach an optimal, 
sustainable solution. 
 The waste supply chain needs to facilitate open and transparent communication as well 
as support joint working if the ‘circular economy’ is to work effectively. 
8.4 Further work  
Trialling of the DMF in other Local Authorities and Countries.  The DMF developed herein has 
been applied to several case studies using SCC and several of its district and boroughs. It would 
be useful to trial the framework in other local authorities, particularly those of different 
structures (e.g. unitary) and different ruralities. It would also be useful to trial the DMF in 
municipalities overseas; this would be particularly useful as European legislation that impacts 
the UK also has significant impacts across Europe. Therefore, if LAOMMaF can be used in Europe 
this could support greater transparency within the waste supply chain, as well as help to 
standardise practices to improve the management of waste and support its use as a resource. 
Social Lifecycle Analysis. The social benefits and dis-benefits are often implicit in work carried 
out by local authorities with regards to waste management. This is because they are a public 
service and must adhere to a duty of care for their residents. However, the work would benefit 
from the development of a social lifecycle analysis (SLCA). SLCA is used to assess the social and 
socio-economic aspects of products or processes and their potential impacts (positive or 
negative) throughout their lifecycle. Therefore, this would allow local authorities to fully 
understand the social impacts of waste management practices, which extend beyond their 
control. 
8.5 Impact 
Waste management presents a variety of challenges for local authority decision-makers. This 
thesis has presented a decision-making framework, which can be used to overcome a wide 
variety of local authority waste management problems. The focus of the work was on enabling 
local authorities to access value from their waste streams, through social, economic and 
environmental gains, particularly by changing the perception of waste from materials to be 
disposed, to materials of value.  
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The application of the framework has led to several significant changes to work conducted at 
Surrey County Council. These include: 
 The development of a feasibility study exploring the environmental and financial 
opportunities for the collection and treatment of absorbent hygiene waste using LAOMMaF. 
The methodology was used to estimate the total tonnage of the material available in the 
county. In the absence of any Best Available Technology Reference (BREF) guidance, a SWOT 
analysis was used to examine potential treatment technologies (composting and thermal 
methods). The work found that sterilisation and recycling would be most suitable. As a 
consequence SCC are now in talks with the operators of an absorbent hygiene recycling 
facility looking at opportunities to roll out the collection and recycling of these materials 
across the county and to cooperate a number of facilities. Consequently, the work was 
presented at the International Society of Industrial Ecology Conference in 2013 and 
published the Proceedings of the Institute of Civil Engineers: Waste and Resource 
Management journal, Appendix 1. 
 The development of a material-based composition analysis specification that has been used 
for waste data collection across Surrey. The resulting data now forms the basis of all 
material specific business development areas carried out by the County Council. 
Consequently, the work was published the Proceedings of the Institute of Civil Engineers: 
Waste and Resource Management journal, Appendix 2. 
 A strategy-forecasting model using Excel© was developed using existing waste forecasting 
measures and was been refined using the data developed in Chapters 4 and 5. 
Subsequently, this work has allowed SCCs to develop the future direction of waste 
management. This includes exploring opportunities to develop joint collection systems 
between four of the districts, and to explore future funding mechanisms between the 
county council and districts and borough councils (Appendix C1 and C2). Finally, the work 
also calculated the economic benefits of operating infrastructure, including: anaerobic 
digestion, textile sorting and materials recovery facilities which SCC are considering 
operating. 
 A MCDM methodology was created to determine the optimal waste management 
technologies for wood waste. Work found that EfW treatment would be most beneficial 
overall. 
 LAOMMaF was used to evaluate optimal collection methods in order to assess the Surrey 
Waste Partnerships compliance with the WEaWR (as amended 2011). The work found that 
an optimised commingled collection system would be most beneficial to meet the 
requirements of the legislation. Further, this work was acknowledged as a best practice 
application of ‘Route Map’ guidance when presented at National Associate of Waste 
Disposal Authorities Conference, 2014. Further it was also published in Materials World, in 
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the article called ‘Towards Closed-Loop’, Appendix 3.  
To conclude, the concept of waste and disposal is now outdated and the paradigm has shifted to 
resources – where materials no longer required by households should be reused, recycled and 
recovered. The use of LAOMMaF can support local authorities to understand the appropriate 
means to manage the materials they are responsible for. It can allow them to assess not only the 
traditional economic basis for decisions but also how environmental and social benefits can be 
maximised. However, for this process to function optimally, local authorities must be allowed 
greater responsibility and control over the downstream management of these materials. Local 
authorities are a small link in a large chain of materials management and reprocessing, which 
requires open dialogue and improved transparency if waste is to be truly perceived as a 
resource. 
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